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Principles of Historical Geology Applied 
to Neighboring Planets and Life on Mars 


By ARTHUR HOWE CARPENTER 


In the early eighteen-nineties we lived in the Black Hills of South 
Dakota. Because of the clear atmosphere the oppositions of Mars oc- 
curring then made a deep impression upon me. I was well trained in the 
principles of geology, astronomy, and the theory of evolution. Lowell’s 
books setting forth his inferences of life on Mars came to my attention 
and, later, I read Alfred Russell Wallace’s wonderful book, “Man's 
Place in the Universe.’ Lowell’s ideas aroused my critical faculty. I 
knew that, if intelligent beings existed on Mars, it could be only as the . 
result of a long and eventful history similar to the geological history of 
the earth. The absence of oceans or any water, and a light and in- 
efficient atmosphere made it seem extremely doubtful. Mr. Pickering’s 
“Oases” and the earlier observed “canali” I believed to be analogous 
to the great craters and rifted lava sheets of the moon. 

Since then I have followed the observational work and read every- 
thing on Mars that was available to. me. My professional life’s work 
lav largely in the fields of chemistry and metallurgy. I also have been 
a geologist and have spent much time in the field. Recently I have been 
much impressed with the book, “The Features of the Moon,” by J. E. 
Spurr, a well-known expert geologist who specialized in igneous rocks. 
Since I have seen the great batholiths of the far west, the lava fields 
in Oregon and Idaho, and have studied the results of igneous activity 
in the rocks of the mining regions, I can appreciate this book. 

It has been demonstrated that the universe is uniform throughout. 
Everywhere it is made up of the same kind of elements that are found 
on the earth. Hydrogen, helium, nitrogen, oxygen, calcium, and so on 
exist in the most distant island galaxy. Helium was first recognized 
in the sun, but is now extracted from the earth’s rocks. There is no 
spectroscopic element existing in the stars that does not exist here. 
Man’s abode, the earth, is an excellent sample of the entire universe ; 
an astonishing conclusion, when you think of it in that way. 


Geology shows that on the earth life originated at a time of evenly 
balanced conditions on the surface of the earth, even temperature for 
a long period of time, at the interface of solid, liquid, and gaseous 
phases ; that is rocks, water, and air or the atmosphere. It is an entranc- 
ing story, the variations, advances, and retreat of life on the earth as 
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the conditions locally became more or less favorable. Where the con- 
ditions became utterly inimical, life disappeared, but somewhere on the 
globe life could always survive and spread again into these regions 
when conditions ameliorated. The facts of the conditions when life 
originated on the earth are very significant when attempting to com- 
pare conditions that exist on other planets. As far as the geologist 
can see, the endless see-saw changes in the equilibrium at the interface 
are unique to the earth. Non-scientific thinkers will want to beg the 
question by affirming that life might manifest itself in some other way 
elsewhere. This is pure metaphysics and has no scientific basis. Biolo- 
gists, whose business is the science of life, know of its manifestation 
only in connection with a peculiar substance—protoplasm. This is com- 
posed largely of water, with carbon, hydrogen, and nitrogen, traces of 
sulphur and a few other elements. Lecompte du Nowy in his “Human 
Destiny,” one of the great books of modern times, calculated mathe- 
matically the chances of such an assemblage occurring spontaneously. 
To surmise that this could occur again elsewhere, and under other con- 
ditions, is fantastic. It is true that Dr. du Noiiy’s argument in “Human 
Destiny” is far other than the thesis of this article, but no one can 
impugn his mathematical analysis. Protoplasm is organized into cells, 
complex in nature, but fundamentally all alike. All of the products 
of life are the work of these cells. Organized into larger groups, they 
make up the basis of all of the plants and animals. Science knows no 
other form of life than that actually experienced here on this earth. 
As a philosophical question a mystical mind might argue about the pos- 
sibility of other kinds of organized matter exhibiting the properties of 
life. A scientist could not enter into such an argument. He deals only 
with ascertained facts as the counters for his hypotheses which must 
conform to these facts, or they are not scientific. 


The past history of the world is contained in sediments laid down in 
layers, called “strata,” one on top of the other through the vast eras of 
time. The result of studying the fossils contained in the successive 
layers has been the recognition of the development of the complex 
forms in the more recent strata from the earlier simpler types of the 
more distant past; from the primordial unicellar protoplasm to the 
highly developed intelligent beings of recent times. Each of the major 
steps in the change or evolution of the life-forms has resulted from 
slow but drastic changes in the crust of the earth and consequent 
climatic changes. Geologists call the outer some fifty miles of the earth 
the “crust.” This crust is like the outer portion of a loaf of bread, 
changed by heat; in the case of the earth the change is the result of 
the interplay of the rocky material with the atmosphere, the hydro- 
sphere (water envelope), and the heat derived from the sun over some 
two thousand millions of years of time, probably more than less. 


The past geological history of the earth is divided by geologists into 
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five great eras, each of almost inconceivable duration, and separated by 
the crustal changes, when they took place, called “revolutions.” During 
the long eras the whole world has generally enjoyed a warm equable 
climate known as “oceanic,” the continents low-lying without great 
mountain ranges which have become base-leveled and great areas of 
oceanic water having invaded the continental masses. Eventually the close 
of an era drew on, the crust, thrown out of balance by the era-long 
erosion, started to fold into mountain-ranges and troublous times of 
harsher climates, often becoming glacial replaced the oceanic condi- 
tions. The teeming animal and vegetable kingdoms had become highly 
specialized to the long enduring oceanic climates. The new climates 
known as continental (similar to the earth climates now extant) were 
unfitted for many species and they rapidly became extinct. In the more 
generalized forms responsive changes took place, resulting in beings 
able to cope with the new conditions of more rugged inimical climates. 
In the succeeding eras these forms were able to leave descendants to 
repopulate the world. In the depths of the ocean abysses these changes 
had little effect and life forms established there in the beginning of 
early Proterozoic times have persisted with little change. But at the 
surface of the earth changes have gone on ceaselessly. Man, himself, as 
an animal, arriving at about the human state in the beginning of glacial 
times, just barely succeeded in surviving the ice epoch. Toynbee, in his 
“Study of History’ has shown that only those tribes of men that had 
to cope with the changes incident on the retreat of the ice and change 
of climate were driven to originate civilized societies. Those that 
escaped into the warm zones of equable climate where food was abund- 
ant are still living in the original primordial society of early post glacial 
times. Then the presence on the planet today of highly intelligent man 
is the result of the age-long struggle of the higher animals with the 
ever-changing environment at the surface. Man is the outcome of the 
geologic processes. 

The planets revolving inside of the orbit of Jupiter are known as 
the “inferior planets” and the earth is the largest of these. The band 
of space around the sun, lying between the orbits of Venus and Mars 
might be called the “life-band,” because only within this distance can 
planets support life as we know it. It is probable that Venus is a bit 
too close to the sun and Mars is just about too far away. The earth in 
the geometric center of this space is certainly the most favored as to 
light, heat, and temperature. It is also about the right size. It is large 
enough to develop a tremendous pressure at its center. The central 
part of the globe is called the “core” and is different from the outer 
portions. The core is about 4200 miles in diameter, or somewhat larger 
than the whole of the planet Mars. It is also far heavier. This core is 
highly compacted and exerts a gravitational pull upon the outer crust 
of the earth, making the crust very strong and elastic, more elastic 
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than is steel. There is a tremendous amount of energy locked up in 
the core as heat. Little of this escapes to the surface however, or 
glacial ages could not long endure or even occur. The National Acad- 
emy has published a series of monographs on the “Physics of the 
Earth” and from these we learn of the existence of this core. Earth- 
quake waves are reflected from it. The action of the moon on the 
equatorial bulge would be different, if this core did not exist. The 
density of the whole planet cannot be explained without its existence. 
The core is thought to be mostly metallic iron and indicates that the 
earth is not a homogeneous solid. The planet seems to consist of a 
number of layers or sheaths like an onion. This fact is a contributing 
cause to the successive great crustal revolutions. 


At the present time the surface of the earth consists of high-standing 
continental masses largely granite and of low-lying ocean abysses un- 
derlaid with basalt. The basalt passes under the continental masses 
which seem to float on the basalt. When the planet was first formed 
as a white-hot mass, rapid chemical reactions took place. The silicon, 
aluminum, magnesium, calcium, and other active chemicals would take 
up any oxygen present to form silicates and oxides. At such tempera- 
tures these elements would rob iron oxide of its oxygen, leaving metal- 
lic iron. This being heavy would settle to the center. Metallic iron is 
insoluble in silicate melts, as is easily seen in the case of a blast furnace 
making cast iron. The iron is insoluble in the “siag,” which is just a 
metallurgist’s name for molten silicate melts. On freezing some mix- 
tures form homogeneous solids without separating, but many others 
separate into different kinds of crystals. The freezing of the rocky 
layers of the earth were like this and separated into different kinds of 
crystals. 

When the earth solidified it probably froze from the center outwards 
due to increasing pressure with depth. When melts ‘“unmix”’ on freez- 
ing the more insoluble substances separate out leaving a residual liquid 
of lower freezing point, called a “eutectic” which means lowest freez- 
ing mixture—like salt and water in making ice cream. Granite is a 
eutectic mixture, it has been suggested (Data of Geochemistry, U. S. 
G. S.) and perhaps was the original crust of the earth. Being lighter 
it floated up and rode on the heavier basalt. A part of the granite crust 
of the earth may have been lost when the moon was separated from 
the earth-moon planet soon after it was formed, if George Darwin's 
ideas are correct. Granites are light-colored rocks of low specific 
gravity and are strong. This may account for the high and rugged 
peaks on the moon. Basalts are dark colored due to the high contents 
of iron compounds. Were the earth free of water and the products 
of erosion, the ocean floors being visible as well as the bare continental 
masses, the earth, seen from afar, would appear to have dark and light 
areas for the distribution of which it would be hard to account. 
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It is suggested here that the markings on Mars might be of a similar 
nature. The laws of heterogeneous equilibrium discovered by Willard 
Gibbs are of universal application and all of the solid cold planets must 
be made of crystalline rocks of varying composition. 

Slowly cooled granites are made up of at least three kinds of crystals. 
When rapidly cooled, eruptive rocks of granitoid composition form 
porphyries and obsidians. The great lava fields of the moon are of this 
nature, because they were cooled too rapidly for crystalline rocks to 
form. There is much evidence to support this view. 

The primordial earth, when it was first formed, doubtless looked 
much like the moon does today. The earth had an atmosphere, was able 
to retain one because of its greater size. Under the long, ceaseless, 
resistless, restless geologic forces of wind, rain, ice, sun-light, earth- 
quakes, and tides, all of the very ancient vents of volcanoes have been 
obliterated. The lower part of the lavered crust, called the basement 
complex, is riven with igneous dikes. Here and there are masses of 
igneous rocks injected into the crust derived from most ancient action. 
No portion of the crust is without some of these most ancient intru- 
sions. All of this is now buried under the products of erosion of later 
rocks. Many of these sedimentary beds are interleaved with volcanic 
ash layers. It is inferred that once a great volcano stood somewhere in 
the region of Kentucky or Tennessee. Its ash and lapili can be identi- 
fied in the sediments of the surrounding region for hundreds of miles. 
The original vent has long since been obliterated, base-leveled by ero- 
sion. The roots doubtless lie buried deep under the sediments of later 
times, including oceanic deposits. The very ancient volcanic activity 
here described was probably nearly contemporaneous with that which 
formed the visible surface of the moon. 

At the present time only in the more recent mountain ranges and 
volcanic areas do extinct volcanic craters and plugs exist on the surface 
of the earth. There are a few active volcanoes in Alaska, the Pacific 
Ocean, and elsewhere. Most of these recognizable features are only 
the roots of the old fiery vents. Such, for instance, is the nature of 
“Bear Lodge,” or more colloquially “Devil's Tower” in north-eastern 
Wyoming just west of the Black Hills. It is a volcanic “neck” of 
trachyte (a form of granitoid porphyry). It rises 700 feet above the 
surrounding plain, which has been eroded down leaving the more 
resistant volcanic plug standing. There are other similar formations in 
southwestern United States in New Mexico and in .\rizona: the famous 
“ship rock” is one. Inevitably they must gradually yield to erosional 
attack and disappear. 


Had there been no atmosphere or oceans the surface of the planet 
would appear pock-marked with great craters and vents. There would 
be great lava fields crossed by high pressure ridges and intrusive 
dikes. There would have been no great folded mountain chains such 
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as the Hercynean, Rocky-Mountain-Andean chain, the Alps and Hyma- 
layan. Such mountain ranges, some of them reaching more than a 
third of the way around the globe, are clearly the result of the inter- 
play of the atmosphere, the hydrosphere and the rocks of the surface. 
The earth without an atmosphere would have looked like the moon 
does today. 


The moon is a sister planet to the earth. There is no valid reason to 
believe that its history and origin are in any way different from that 
of the earth. It may represent an original portion of the earth itself. 
The materials there are similar to our own solidified, crustal, igneous 
rocks. Studies of the sun-light, reflected from the surface of the moon 
with the spectroscope shows it to be polarized just as we would expect 
from lava fields or scoria. In one case near a volcanic crater a pool 
of solidified material has been observed that might be sulphur such as 
found in the neighborhood of terrestial voleanoes. The earth and moon 
are twin planets and the same eruptive forces have been present on the 
moon as here in the long past. The moon is a “poor relation,” how- 
ever, without any atmosphere and so the original features remain in 
unaltered aspect. The density of the moon is about 3.3 as compared to 
the density of the earth of about 5.5. The density of Mars is under 4, 
that is, not too different from that of the moon. Mars is, larger than 
the moon and hence heavier. Mars has about one-tenth of the mass 
of the earth. 


In the telescope the moon shows a grim and desolate world; great 
lava fields surrounded by escarpments and crossed by pressure ridges. 
Banks of voleanic dust lie in the swales undisturbed by any wind and 
unconsolidated by any rain water, lving just as it fell when the erup- 
tions took place. Because of the absence of atmosphere dust would 
settle immediately to the surface. Much of the surface of the moon is 
pot-marked with great craters, larger than similar features on the earth. 
These stand very high and rugged. To some these seem inexplicable, 
but they are doubtless simply an expression of the low gravity of the 
light moon, whose gravitational force offered far less resistance to the 
eruptions than was the case in the earth’s volcanic eruptions. Some of 
the great lava fields on the moon have their counter part in lava fields 
on the earth. The lava fields of Oregon and Idaho, the Dekkan of 
India, and even larger fields of Argentina are examples. Some of these 
cover more than 200,000 square miles of the earth’s surface and are 
hundreds of miles across. They more than equal in areal extent such 
features on the moon. 


In an article published in Poputar Astronomy (August, 1942, Vol. 
50, No. 7) Ralph B. Baldwin presents his hypothesis of the meteoric 
origin of the lunar craters. Marshall in PopuLtAar Astronomy (Octo- 
ber, 1943) gives his reasons for repudiating the impact hypothesis as 
totally inadequate. If there were any impact of asteroidal-sized bodies 
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with the moon soon after the fission of the earth-moon planet there 
should have been great impacts on the earth too. A suggestion has been 
made that this might explain the great basalt regions of the far north. 
The high-riding shield areas, such as northeastern Canada, Scandana- 
via, and the northern regions of Russia and elsewhere. have always 
resisted the encroachment of the sea. They have seldom been inundated 
in geologic times. 

It may be a too far-fetched suggestion, but these areas are the places 
on the earth where nickel ores are found. Meteoric iron always con- 
tains nickel and this could be evidence of huge buried asteroids. This 
could have occurred only in the beginning when the moon and earth 
were very young and plastic. However, the great lava fields that are 
lying on the continental masses have not been the result of meteoric 
impacts. In a science note it has recently been said that a large circu- 
lar formation in South Africa may mean that a large meteoric impact 
took place there about the beginning of Paleozoic times. It seems im- 
probable. 


It is the belief of competent cosmologists today that the planetary 
system of the sun is the result of some great catastrophe 2,000 to 3,000 
million vears ago and that all of the planets and satellites, including our 
moon, are of the same age. In the beginning there must have been 
many impacts of smaller bodies with the larger planets. The surface 
of the moon as we now see it, however, is essentially volcanic and has 
been preserved intact from about Archean times as we reckon geolo- 
gical time. The writer is a metallurgist, and many times has stood by 
a pot of slowly cooling slag from blast furnaces (slag is man-made 
molten magma) and has seen similar feature form on the surface of 
the slag in the pot full of cooling magma. Contraction cracks and pres- 
sure ridges form and the molten slag wells up from below the surface 
and spreads out forming scoriaceous wrinkled features similar to the 
lunar mountains and craters. Watching phenomena take place in man- 
made magma would convince the most skeptical as to the probable 
origin of the lunar features. 

There are no folded mountains on the moon because there are no 
compacted sedimentary rocks to shear over a basement-complex to 
wrinkle into a mountain chain. The moon is the earth in miniature as 
1i would have been without a geological history. There is only one era 
of time there, one long eon—eternal Archean. 


Many millions of meteoric particles enter the earth's atmosphere 
daily. They are for the most part destroyed by frictional resistance in 
the far upper regions of the atmosphere. The fine, colloidal particles 
resulting settle slowly to the earth, some of them becoming centers of 
condensation for rain drops. Rain keeps our atmosphere from becom- 
ing too opaque. That meteoric dust settles very slowly and does stay 
high in the atmosphere for long periods of time is known to those 
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who have observed the noctilucent clouds as high as the Auroral 
bands. As the moon sweeps a wider swath around the sun because of 
its oscillation around the earth, many such meteors should reach its sur- 
face. Possibly they do, but the surface of the moon is in many areas 
free of covering, only bare smooth glass-like lava surface showing. 
What happens to these tiny meteors there is something of a mystery. 
Probably the impact with the hard glassy rocks completely disintegrates 
them causing small explosions into gas which escapes again into inter- 
stellar space. Even larger meteors disintegrate in our atmosphere and 
those that reach the ground explode. The heat generated in such an 
impact is of the order of the temperature of the surface of the sun and 
would likely result in gaseous dispersion. This seems to happen in 
many cases. .\t the meteor crater in the sedimentary rocks in Arizona, 
the sand grains show fusing from great heat and the meteor seems to 
be largely non-existent now. No large mass of metallic material has 
been found. Thousands of small meteoric pieces have been picked up 
near the crater and for many miles around. Few astronomers and no 
geologist, who have examined the moon critically, have any belief in 
the meteoric origin of the lunar craters (See discussion by J. FE. Spurr). 

The exposed rocky surface of the earth above sea-level is about 80 
per cent sedimentary and 20 per cent igneous. No meteor craters like 
the one in Arizona are reported as occurring in igneous areas. The 
great batholith under Montana, the Dekkan in India, etc., are such 
regions, also the great basaltic areas of the far north. Perry brought 
back a large meteorite from the far north but did not report any 
crater where it had fallen. Meteors that overtake the earth in their 
Hight may not have sufficient energy when they reach the ground to 
penetrate very far. The sedimentary areas of the surface are largely 
shales and sandstones with some limestones. Rapidly moving heavy 
bodies, such as meteors, would find such material simple layers of sand 
and dust, little different from the sandy beaches of Iwo Jima where 
shells made similar craters. If such a meteor should reach a truly 
igneous mass it would not make a crater. A geologist knows the dif- 
ference between such hard non-yielding crystalline and sedimentary 
rocks, and he would expect that a meteor hitting such material would 
disintegrate without forming much of a mark. Certainly no crater 
would be formed. 

If a large meteor should arrive at the moon's surface it must hit 
hard, elastic, glass-like, igneous rock, not yielding sediments. No ex- 
plosive craters would be formed, unless, perchance, it came in contact 
with a bed of volcanic ash sufficiently thick to form such a crater. Prob- 
ably such beds do not exist on the moon. Some of the furrows visible 
on the moon could have been caused by a glancing meteor. 


“The Atmospheres of the Planets” was the title of an address made 
by a retiring president of the American Association for the Advance- 
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ment of Science, which was published in Science for January 4, 1935. 
It was by Professor Henry N. Russell, Ph.D., Research Professor of 
Astronomy at Princeton University. His results, as published in this 
article have been investigated and extended, all of which have been 
largely confirmatory. Only recently has there been any change in the 
case of the atmosphere of Mars. By the use of new spectroscopic 
methods, extending into the far infrared and the ultraviolet, using new 
and very delicate methods, the existence of some carbon dioxide seems 
possible there. No free oxygen or water can be discerned. There has 
just been an opposition of Mars, about the most distant possible, but 
the great 84-inch reflector of the McDonald Observatory in Texas has 
made a careful scrutiny of the planet using these newer methods. No 
scientific report has been seen by the author, but the reports made in 
the popular press lead me to think that the results have been distinctly 
negative so far as the existence of vegetable life is concerned. 

The possible source of the carbon in the carbon dioxide is an inter- 
esting question. Carbon is present in meteorites. Many must enter the 
atmosphere of Mars which may be largely nitrogen. The meteorites 
entering the atmosphere of the earth are consumed at very high alti- 
tudes where the density is certainly less than the atmospheric density 
on Mars. If there is no oxygen there the carbon would probably be- 
come colloidal, or else form some kind of a carbide,—perhaps cyanogen 
with the nitrogen of the atmosphere. If any oxides exist at the surface 
of the planet they would be gradually reduced forming carbon oxides 
and metals. Carbon monoxide under proper conditions will form car- 
bon dioxide and carbon, reactions well known to metallurgists. Some 
of these reactions taking place at low temperatures and under influence 
of sun-light could easily occur on Mars with the several possible cata- 
lizers present. Of course oxygen must be present in some form for the 
carbon to get it. Some meteors are non-metallic, that is “stoney.”’ These 
contain oxides. That free oxygen exists in the atmosphere is a question. 
It is certainly less than a very small per cent of the amount in the 
earth's atmosphere. 





The polar caps indicate the possible presence of a little water. The 
amount of this is very small but it could be a source of oxidation for 
the carbon. In such a reaction the hydrogen would be either lost or 
formed into some form of hydrocarbon. Pictures of Mars taken in 
ultraviolet and infrared light make it clear that the polar caps are 
to a considerable extent atmospheric phenomena. The atmosphere of 
Mars is sufficiently dense to cause the visible details of the surface to 
fade as they approach the limb with the rotation of the planet. This 
fading is far more than can be accounted for by the foreshortening 
because of the rotundity of the planet. This fading is sufficient to cause 
the obliteration of the finer details by the scattering of the light and it 
becomes very evident when photographs are made in ultraviolet light, 
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when practically all surface details become invisible. In infrared light, 
however, the details come out in very sharp contrasts and some of the 
disputed “canals” have been so photographed. It is suggested by 
Wright that the atmosphere on Mars is from 50 to 60 miles thick. At 
the surface of Mars its atmospheric pressure may approach one third 
of that of the earth’s atmosphere. The murkiness of the Martian atmos- 
phere is probably due to colloidal dust particles and this no doubt 
accounts for the red color of the planet as seen by us, the short end of 
the spectrum being scattered. The source of this dust has already been 
indicated,—meteoric dust that does not settle rapidly because of the 
relatively low gravitational action of the planet. When the meteors 
enter our atmosphere they encounter oxygen in such abundance as to 
be instantly oxidized. Ferrous and ferric oxides are highly hydro- 
scopic and would tend to settle more rapidly here. In the Martian at- 
mosphere, little or no oxygen or water being present, the gaseous 
products of the frictional destruction of the meteors would stay colloidal 
and would settle only with extreme slowness. Sunsets as seen from the 
surface of that planet would always be very red and fiery. Usually the 
atmosphere there is cloudless and the surface details can always be 
seen. Occasionally clouds do appear over the Martian disc the source 
of which is not understood. They might be due to meteoric showers 
that sometimes fill it with dust. Including the ice-caps the amount of 
water present on the planet Mars must be less than the contents of 
Lake Erie, the smallest of the Great Lakes. 


Mars rotates on its axis and its day is nearly equal the earth’s day. 
Its sidereal day is 37 minutes longer. Radiometric observations indi- 
cate that the surface temperature on Mars at noon rises above zero 
degrees Centigrade, and this may also be true for the polar temperature 
in the middle of the summer which is twice as long as ours, as it takes 
Mars nearly two vears to revolve around the sun. The axis of rotation 
of the planet is inclined 241% degrees to the plane of the orbit so Mars 
has seasonal variations similar to ours. At night the temperature must 
fall far below zero. The ice-cap disappears during the long summer at 
one of the poles and nearly disappears at the other. Owing to the very 
light atmosphere, water would melt from ice to vapor without passing 
through the liquid phase. Therefore liquid lakes of water or seas could 
not long exist. Judging by the amount of solar heat available for melt- 
ing, the polar caps cannot be more than a few inches thick. 


If the earth’s orbit had been as large as that of Mars, that is if the 
two planets were interchanged as to their distances from the sun, the 
sarth would have been a very different planet from what it is now. 
There would have never been any large liquid oceans. What are now 
the great ocean basins filled with ocean water would then have been 
great level plains filled with glacial ice. Water can, indeed, be consid- 
ered the last residue of the igneous rocks which owing to its peculiar 
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properties has never completely solidified on the earth. When the rocky 
crust of the earth solidified from the bottom upwards, the most insolu- 
ble substances separated out first, leaving a residue of material similar 
in composition to granite known as a “eutectic.” The final material ex- 
pelled from the freezing granites was the dissolved water. In fact 
petrologists know that water is an essential constituent of liquid mag- 
mas in the earth before they freeze losing their water in solution, 
when the pressure drops below the point at which it can be retained in 
superheated condition. The very deep hot rocks contain a great deal of 
water in solution in a superheated condition. In the eruption of 
active volcanoes, much juvenal water is brought to the surface that has 
never before been at the surface of the planet. At the distance of Mars 
the earth would not have received from the sun enough heat to main- 
tain its vast oceans as liquid oceans, and there would have been an 
eternalglacial age. As it is the earth is barely able to maintain the 
oceans as liquid water, and the ice-caps at the poles show how close we 
are to the average temperature below which permanent ice would form 
over the polar regions. In fact, several times in the long past geological 
history of the earth, water has started to freeze out and condense on 
the continents, forming the great glacial epochs. Records of such 
events are discernable in the rocks of the Archean, the Proterozoic, the 
Permian and in the recent past. One of these old ice-ages must have 
been very severe and of very long duration. Markings of its glaciers 
and tills exist in equatorial Africa and in India. The scratches and 
groves of the moving glaciers indicate that at one time they were mov- 
ing away from the equator. Since at the distance of Mars from the 
sun water on earth would have been practically always a solid, the 
atmosphere would have been nearly devoid of moisture. The long 
equable warm conditions that existed at the time life originated could 
not then have occurred. There would have been no oxygen in the 
atmosphere. Life forms as we now know them could not have de- 
veloped. The oxygen in our atmosphere results from plant life. Ex- 
tensive plant life could not have developed because of the absence of 
liquid water. Animal life could not live without plant life or without 
oxygen. Without abundant water the atmosphere would not have been 
an efficient erosional agent. The planet would have remained smooth 
and devoid of much relief, except, perhaps, for the primordial igneous 
features which would have remained more or less intact. Because of 
the low vapor pressure of water, clouds would have been infrequent. 
The air would have .been mostly nitrogen with some carbon dioxide, 
filled with colloidal dust, and this would have reduced the amount of 
solar energy received at the earth’s surface. 


In the equatorial regions the sun-light would have melted the edges 
of glacial masses and this, evaporating, would have made a misty at- 
mosphere. The rising air loaded with moisture would travel north- 
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easterly as “trade-winds” until in the so-called “horse-latitudes” they 
would have become westerly winds and would have deposited a great 
belt of snow and ice. Part of the air would continue to the polar re- 
gions and there descending build up very thick ice-caps extending 
down to the temperate regions. The meteorological conditions on 
Mars at present must be comparatively simple. The presence of waxing 
and waning polar caps proves that a similar circulation exists in that 
atmosphere. As Mars is very smooth, with no variation of sea and land 
areas, it is interesting to note that the maps of the so-called canals are 
not dissimilar to trade-wind maps on the earth. 


In comparison with the picture of the earth at the distance of Mars 
we have the much smaller planet, Mars, with a very light atmosphere. 
Had there been a greater endowment of water there than is now appar- 
ent from our observations it could be there only as glacial ice. If this is 
present it has long been buried under an accumulation of meteoric dust, 
covering the northern and southern portions of the planet, leaving the 
equatorial regions bare. According to this view Mars must be more or 
less volcanic, similar to the moon, the features being comparatively 
smoothed down by an atmosphere that cannot be efficient as an eroding 
agent. Such buried glaciers if they exist under the debris of meteors 
and volcanic dust, perhaps, would melt slightly under the warming in- 
Huence of the sun, and the moisture reach the surface by capillary 
movement and then evaporate into the atmosphere. 


Seasonal changes take place on Mars owing to the inclination of the 
axis of rotation to the plane of the orbit. Such changes as have been 
observed there must be due to some atmospheric movement. South 
African astronomers, working at the last good opposition of Mars, 
believed that they observed reflection due to vegetation which they 
believed changed with the seasons. Vegetation means protoplasm, hy- 
dro-carbon complexes, and above all moisture. There is every reason 
to believe that such are very scarce on Mars. Were there so much 
vegetation extant as they reported, we should be able to detect oxygen 
in the Martian atmosphere. Oxygen being a by-product of vegetable 
life enough would be generated to make its presence known. That the 
observed changes are due to green vegetation occurring in the summer- 
time and dying out in the winter-time is an idea transferred from the 
earth conditions. The abundance of our deciduous trees and grasses 
are due to the influence of glacial times of the recent past. In the mid- 
dle of the great long eras when world-wide oceanic climates existed it 
is doubtful that changes could have been observed on the earth from 
afar, and there would have been visible no marked changes in color. 
It is possible to suggest that the observed changes are due to meteoric, 
iron-bearing dust absorbing moisture from the winds as they transfer 
it from the sun-lit pole to the winter pole. Later, when the summer 
wanes and winter comes on, this moisture would be picked up by the 
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dry cold winds eager for the moisture dropped earlier by the summer 
breezes. In the light atmosphere on Mars the saturation point for 
moisture would be low compared to conditions on the earth. Water of 
hydration makes iron salts greenish in appearance, but when these salts 
are dehydrated they become gray or whitish in appearance. Damp and 
dry dust differ greatly in appearance. This may be a fanciful explana- 
tion but is certainly not a transfer of earth experience. 


While it seems that the surface of Mars is similar to the surface of 
the moon, it is evident that it is not so rough. The dust-laden atmos- 
phere, blowing for thousands of millions of years would wear down 
the roughness, polishing the edges of the craters. The products of this 
would be more colloidal dust which could not be compacted into sedi- 
mentary beds without water. The definition of “colloidal material” is a 
degree of division so fine that it cannot settle in the medium in which 
it is suspended. A glass into which some “bentonite” (volcanic dust) 
was stirred was turbid on my desk after two years. It was a true col- 
loidal suspension. The whole surface would tend to be worn into lanes 
of wind travel. The canals that seem gradually to appear and then 
disappear on Mars may be due to these wind furrows, growing darker 
when the wind is moisture laden and then growing lighter when the 
winds become dry. The equatorial regions should be bare rock. The 
planet has greater polar flattening than the earth. Basaltic materials 
should then be collected more towards the equatorial regions and the 
lighter materials nearer the poles. 

Life forms change only when driven by a changing environment. 
The oncoming of Tertiary times caused the practical elimination of the 
great saurian life of the Mesozoic era. Climatic changes were great 
and the smaller, more generalized and active forms were able to sur- 
vive. Mammals gradually became dominant and reached a great peak. 
With the cooling of the climates in Miocene times they were reduced 
and many forms became extinct with the oncoming of glacial times. 
The success of mankind may be due to the decimating of the animal 
population of Miocene and Pliocene times by these changes in climate. 
Actually man has come onto a globe strangely lonely compared to the 
animal population of earlier times. Man could not have competed with 
the dense population of these great, fierce animals had not the terrible 
climates of the glacial age destroved his most dangerous enemies. 
Man’s complete arrival at the human level took place in the beginning 
of glacial times. He just managed to survive. Two recent books, 
“Meet Your Ancestors” and “Mankind So-Far” set forth the conditions 
of man’s survival. It must be remembered that the chances of survival 
of animals is dependent on the changes in the vegetable world. Grass- 
lands, savannahs, and deciduous forests resulted from glacial altera- 
tons. 


On Mars there have been no such alterations in the environment 
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and hence there has been nothing there to force changes on any lowly 
forms of vegetable life, even if such existed there. On the earth life 
originated in the oceans and was very slow about climbing out of the 
sea onto the land. More than half of the history of life forms on the 
earth was passed entirely in the oceans before the attack on land com- 
menced. Animal life is dependent on vegetable life. Land forms could 
not have evolved until there was an abundant vegetable life extant on 
the land. Without water in liquid form no vegetable life can exist any 
place on the earth, not even in the deserts. Without the great oceans, 
organic life as we understand it could not have evolved. We believe 
that no oceans exist now, or ever have existed, on Mars. The whole 
planet is more desolate than the Gobi desert. Reasoning by analogy 
(which is all that we have to go on) geologists do not see how life 
could have been organized or have carried on, on Mars. 


Were there any intelligent beings on Mars they could not be aware 
of our existence. When Mars is close to us at opposition, and blazes 
red in our evening sky opposite the setting sun, the earth is at “inferior 
conjunction” from the standpoint of Mars and presents our unillum- 
ined surface. We cannot see anything on Venus when she is at inferior 
conjunction. At such times we are closer to Venus by 33 per cent than 
we ever are to Mars. Venus is a larger planet, almost as large as the 
earth. When at “quadrature” from Mars the earth’s disc would be 
very small and would look like a belted planet due to the clouds always 
over the doldrums. One sitting in a darkened room looking out into 
the street can recognize the passing people, but they could hardly see 
into the room where we are sitting. Our atmosphere scatters more 
light than the Martian atmosphere does and seeing into it would be 
more difficult. 

As a planet, Mars is another “poor relation,” a small sister without 
endowment and she never grew up! Small and undersized, unable to 
hold or retain a large atmosphere, practically without water, and so 
far from the sun that oceans could not be retained there in liquid form, 
its condition is unfavorable to the building of protoplasm. In this con- 
nection, one must remember the very narrow limits within which life 
is able to maintain itself on this planet as pointed out long ago by Sir 
Alfred Russell Wallace. If the average temperature here had been 
fifty degrees hotter, life as we know it would never have developed. 
Had the average temperature been five degrees colder, the oceans 
would be glaciers (See Cole, “Ice Ages Ancient and Recent’). 

The great zone around the sun between the orbits of Venus and 
Mars is the only possible region in which life could develop. Venus 1s 
on the too-hot side and Mars is just about at the edge of the too-cold 
side. The earth is the only planet in this system situated where life 
could develop and large enough to maintain fairly equable climates. 


811 Bett Avenue, LAGRANGE, ILLINOIS. 
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Sunspot Epochs 188 A.D. to 1610 A.D. 
By D. JUSTIN SCHOVE 


New material on sunspots and aurorae has recently become avail- 
able from Hungary, Russia, and the Far East. This material is being 
combined with that collected by the nineteenth century Zurich astron- 
omers, and some of the results of the synthesis are discussed in recent 
papers (Schove, 1947*). 

It is well known that the sunspot cycle is on the average about 11 
years. Douglass considered the normal length to be 11.4 years, and 
Clayton, 11.2 years (See Zeuner, 1946, p. 16). An analysis of sunspot 
numbers since 1749 carried out by Polli (1947) gives a mean value 
of 11.15 years. When considering my own diagram (Schove, 1947, 
p. 237) of the sunspot cycle from the late eighteenth to the early 
twentieth century, it can be seen that the curves show a shift to the 
right with time indicating that the cycle has been greater than 11.1 
years ; the precise gain is just over 3 years a century corresponding to 
a period not less than 11.4 years. Nevertheless, if I had used a sun- 
spot curve for the early eighteenth century instead of the late eighteenth 
century, there would have been no shift to the right at all. This indi- 
cates that the mean sunspot period over the two centuries has been 
11.1 years. Gleissberg (1942 to 1945) has extended his analyses back 
to 1610, the year in which Galileo saw sunspots in his telescope, and 
he too finds the mean period to be 11.1. Gleissberg’s analyses prove 
that there are 30-year groups when the cycle is greater than 11.1 
(e.g., centered at about 1650/55, 1720, 1805/10, 1885/90) and inter- 
vening 30-year groups when the cycle is less than 11.1 (e.g., late seven- 
teenth century, 1760/5, 1840's). 


11.1 differs little from 11.1 or 100 divided by 9. Hence it follows 
that sunspot maxima and minima tend to occur in the corresponding 
years of each century. Thus epochs of maxima occur in 1639, 1738, 
1837, and 1937, whilst minima occur in 1610, 1712, 1810, and 1913, 
(See Nicolet, 1943, Tableau V, p. 19.) In particular it is interesting 
to notice how the last two digits of minima tend to be divisible by 11. 
Examples are 1655, 1666, 1755, 1766, 1833, and 1933. I made a pre- 
liminary survey of the sunspot and aurora data I had collected and 
came to the following conclusions : 


Since 800 A.D., years whose last two digits are exactly divisible by 
II are approximately years of sunspot minimum. 

Before 800 A.D., at least since 300 A.D., years whose last two 
digits are exactly divisible by 11 (e.g., 311, 577) are approximately 
years of sunspot maximum. 


*See bibliography at end of paper. 
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In order to test these generalizations I referred to the (1896) paper 
of Fritz in which he summarized the work of the Zurich school. In this 
paper he published as Tables 1 and 2 a list of years in which sunspots 
and aurorae respectively appeared to be most abundant. He added 
further tables on hail and wine harvests and synthesized all four tables 
in Table 5. Hail and wine harvest data (See Schove, 1947, p. 233) are 
now known to be practically irrelevant to sunspot maxima and ac- 
cordingly I used not his summary Table 5 but the years of sunspots and 
aurorae given in Tables 1 and 2. 


Fritz did not himself have any preconceptions in favour of such 
generalizations as I have made above (See Fritz, 1883). He synthe- 
sized Chinese and European observations as accurately as could be done 
in the nineteenth century, and the additional data I am now collecting 
tend to supplement his work and to confirm many of the years of maxi- 
mum suggested by him. Fritz’s data accordingly provide an excellent 
test for my rules. 


Table 1 combines the Tables 1 and 2 of Fritz, the aurora years 
(usually more reliable) being indicated by bold type. The sunspot 
maxima from 1894 to 1937 have been added to bring the table up to 
date. The Table rearranges the data on a century basis so that, for 
instance, the year 807 (in which the first European observation of a 
sunspot was made) comes in the same column as 1907, and the year 
828 (when the Chinese observed sunspots) in the same column as 
1928 and so on. For the years after 800 A.D., the columns were based 
on the 11-times table. The “phase” given on the right-hand side of the 
table is the mean remainder when the numbers are divided by 11; an 
exception was necessary where numbers in the table were exactly divi- 
sible by 11 (cf. 1388, 1511) ; these were counted as giving remainders 
0 or 11 according to whether the mean of neighboring remainders was 
less or greater than 514. For the years before 800 A.D., a correspond- 
ing method has been used. 


When the numbers of any row are divided by 11 and the average 
of the remainders is determined we have the “phase” of the century. 
This phase is indicated by a letter to correspond with the abc-system of 
my other papers. Thus a, b,. . . j, k correspond to 1, 2,. . . 10, 0. 
Thus, if “é” is to be the phase characteristic of the twentieth century, 
maxima in years which give the remainder 5, such as 1949, 1960, etc., 
must be expected. 


The new data of aurorae which I have collected suggest that some 
of these phase-letters will need revision. Probably the most accurate 
method of revision will be to use the measurements of the width of 
tree-rings responsive to the solar cycle. The early data were obtained 
by dendrochronologists unaware of the snags in this method and dis- 
placed datings were frequent. Nevertheless the parallelism between 
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tree-ring results and sunspots is far more striking than any relation- 
ships between weather and sunspots. 

When Professor Douglass had discovered the solar cycle in tree- 
rings he was puzzled because the tree-rings in the period 1645-1715 
failed to show this 1l-year cycle. Zeuner (1946, p. 18) quotes Stet- 
son’s account of the “happy ending” to this discrepancy between ex- 
pectation and observation. 

“One day early in 1922 Professor Douglass’s morning mail brought 
a letter from Professor Maunder of the Royal Observatory in Green- 
wich, England. In this letter Professor Maunder told Professor Doug- 
lass that he had been searching into early records of sunspot observa- 
tions with some surprising results. This search of the English astron- 
omer had revealed that a great dearth of sunspots had been observed 
during the entire period from 1645 to 1715. Maunder knew nothing of 
Douglass’s difficulties but merely wished to convey to him the informa- 
tion of this remarkable discovery in sunspot data. He ventured to 
remark to the Arizona scientist that if there were any real connection 
between his tree-growth theory and the sunspot cycle, he should have 
found evidence lacking as to sunspots in his tree-ring records between 
1645 and 1715. Thus we see how a strange failure of sunspots to ap- 
pear during the middle of the seventeenth century actually corroborated 
Douglass’s findings at a time when he nearly gave up the idea of the 
connexion between sunspots and tree-rings on account of an apparent- 
ly unexplainable discrepancy.” 

The snags of dendrochronological dating have been carefully 
analysed by Ruden (1945) and careful work is now appearing in 
America in the Tree-Ring Bulletin and in Europe in the “Meddeleser 
fra det Norske Skogforsksvesen.” Ording (1941) has produced a re- 
liable Norwegian series from 1396 A.D., in which (Ording, p. 233, 
251, etc.:) the 1l-year cycle appears. Such studies will make possible 
a better determination of the phase for each century and will at the 
same time provide a method of checking tree-ring datings. In the 
meantime it is interesting to reconsider my generalizations in the light 
of the phase determined from the data of Fritz. It is clear that the 
phase changes little from century to century, indicating an average 
cycle of about 11.1 years. It is also clear that for each century from 
the ninth century my first rule is true and for each century from the 
fourth to the eighth century my second rule is true. 


The two rules are illustrated also by the two curves of Figure 1. In 
this diagram the numbers of Table 1 have been smoothed by overlap- 
ping 5-year sums. The faint vertical lines such as the one through 55 
indicate year-numbers exactly divisible by 11. In the top graph, based 
on maxima from 188 to 786 A.D., these vertical lines correspond ap- 
proximately with maxima; in the lower graph, based on maxima from 
806 to 1883 A.D., the lines correspond with minima. 
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Figure 1 
Frequency of Year Numbers as given in Table 1. 
(Smoothed by overlapping five-year groups) 
Upper, before 800 A.D.; Lower after 800 A.D. 

The upper curves of Figure 2 show the same effect. The same year- 
numbers of Table 1 have here been divided by 11 and the frequency 
of different remainders has been plotted. From 188 to 786 A.D., years 
(such as 188) giving remainder O are the most frequent, whilst from 
806 to 1883 years (such as 806 or 1883) giving the remainder 6 are 
the most frequent. The contrast between the periods before and after 
800 is strikingly illustrated by the lower curves which are 5-year over- 
lapping curves of the same data. Owing to the paucity of early data it 
is necessary to use another scale for the pre-800 data, which has been 
increased in the ratio 5:3 and is indicated on the right-hand side of the 
diagram. : 


(BEFORE 8004.0) 





FiGure 2 
Sunspot and Aurora Maxima according to Fritz. 
Upper curve, Frequency of Remainders 188 A.D. to 786 A.D. 
Middle curve, Frequency of Remainders 8060 A.D. to 1888 A.D. 
Lower curves, The same data smoothed by means of overlapping tive-year groups. 
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It is possible from my data to make inferences as to both strength 
and phase of the sunspot cycle. Wolfer concluded that the sunspot 
cycle reached its absolute A.D. maximum in the last half of the four- 
teenth century. This conclusion seems to be contradicted, but before 
presenting alternative views it is necessary to consider the position of 
the geomagnetic axis in early times, to incorporate the local records of 
the Far East and of Europe and to include the evidence of dendro- 
logists. By synthesis of results in this manner it may prove possible 
to realize Zeuner’s (1946, p. 19) hope that “tree-ring analysis may one 
day provide a help in dating historic objects in Egypt, in other parts 
of the Mediterranean, or in temperate Europe.” 

My thanks are due to Professor Erling Eide, Dr. M. Nicolet, Dr. S. 
Polli, and Dr. W. Gleissberg for kindly sending me reprints of the 
articles starred below and many other references useful in the prepara- 
tion of this paper. 
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The Solution of the Sunspot Problem 
By WILLIAM A. LUBY * 


Introduction. In August, 1930, the writer published in the Astro- 
nomical Journal an article entitled “The Cause of Sun Spots.” The 
cause proposed was the precessional action of the planets on the sun. 
The discussion centered on the major planets with emphasis on Jupiter 
and Saturn. The terrestrial planets were not excluded. In Section 4, 
page 5 of that paper, I said, “This does not mean that the planets 
Mercury, Venus, and the earth produce no sun spots. The observa- 
tions referred to in Section 1 of this paper indicate quite the contrary.” 

These observations have been disregarded by the astronomical world 
or else looked on as doubtful. 





*William A. Luby died on March 3, 1947. This paper was subsequently 
sent for publication by his son. 
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Mrs. Maunder (M.N.R.A.S., V. 67, pp. 451-479, 1906-1907) in 
her study of sunspots found that as the sun’s rotation brings new parts 
of the solar surface into view those parts bear more than the average 
number of spots. She concluded that the earth caused the number of 
spots to decrease. The correct reason, as the graphs for Venus and 
Mercury prove, is that the effect lags behind the cause. 


Pocock studied spots in the interval 1902-1917 and confirmed Mrs. 
Maunder’s results (37. N.R.A.S., V. 79, November, 1918). De La 
Rue, Stewart, and Loewy found for Venus and Mercury the same re- 
sult as Mrs. Maunder and Pocock did for the earth. 


Schuster, using only new spots reported on daily photographs, in- 
vestigated the interval 1874 to 1909 and found that Mercury, Venus, 
and Jupiter all appear to have an influence on spot production (Pro- 
ceedings of the Royal Society of London, Vol. 85, pp. 309-323). Schus- 
ter concludes that the probability of the observed coincidences being 


accidental is one in 400,000. 

Here is a considerable array of correct and significant observations. 
One reason that they have gone comparatively unnoticed is because 
the observers did not offer any explanation of the dynamical method by 
which the planets caused the spots. 

In PopuLtar Astronomy of February, 1945, the writer published an 
article entitled “The Cause of Sun Spots” which gave a new, original 
method of proving from the sunspot record that Mercury, Venus, and 
the earth were active in producing sunspots by their precessional action 
on the sun. The method consisted in taking one planet at a time and 
proving that its precessional action was exhibited in the sunspot data, 
the curves so obtained having two maxima and two minima per orbital 
revolution. 

For Mercury the interval selected for study included the 50 revolu- 
tions of that planet following January 1, 1916. The orbital period of 
88 days was divided into 11 parts of 8 days each. From the daily sun- 
spot record sums for each corresponding 8 days of the entire interval 
were calculated, each sum containing 50 numbers. This gave a total of 
550 items; the results were ordered in 11 columns as follows: 


TABLE IV 
A B 

Jan. 1 20417 2350 3=(1) Node Jan. 5 
Jan. 9 19363 296 (2) 

Jan. 17 18067 0 (3) Per. Jan. 26 
Jan. 25 18495 428 (4) 

Feb. 2 19026 959 (5) Node Feb. 7 
Feb. 10 19251 1184 (6) 

Feb. 18 19027 960 (7) 

Feb. 26 19201 834 (8) 

Mar. 5 18827 760 =—(9) Aph. Mar. 10 » 
Mar. 13 18896 829 (10) 

Mar. 21 19979 1912 (11) 
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The calculations were so made that the first point of the graph is 
January 1. The results were tabulated as shown. The numbers in 
column A, if plotted, would give the desired graph showing Mercury’s 
precessional activity but the ordinates would all be very large. It is 
easier to subtract the least number in A from all the others giving 
column B and plot the results giving the adjacent 11-point graph. 
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FiGurE 1 
Mercury, 1916-1929, 50 ReEvoLuTIONS 
The curve shows two maxima and two minima. The effect 
lags behind the cause. Hence the two minima follow respectively 
the two nodes which are the two zeros of precessional action. 

The numbers in column A are a measure of the sunspot activity of 
all the planets for 50 corresponding periods of 8 days each when Mer- 
cury was in the same part of its orbit and hence in the same position 
with respect to the equatorial bulge of the sun. Therefore, subtracting 
18067 from each number in A gives the numbers in column B which 
represent Mercury's precessional effect alone; that is, it brings this out 
through 50 repetitions at 11 different 8-day periods in its orbit. It is 
to be noted that this is wholly an observational result. 

The 1945 paper* carried a table of basic data and the formula for 
the magnitude of the precessional couple from Webster's ‘‘Dynamics” 
page 301. The sun is known to be an ellipsoid; hence the basic data 
and some simple mathematics give a 24-point curve which is far 
smoother than the 11-point one. The second curve was drawn after the 
first was published. No attempt was made to plot the two curves to 
the same scale, vertical or horizontal. Each is of course 88 days long. 
The two parts are 33 days and 55 days. The high eccentricity of Mer- 
cury’s orbit and the inverse cube of the distance in Webster’s formula 
are the reason for the great difference in the two parts. The first is 
derived from the sunspot data, the second by dynamics. Some reflec- 
tion is needed to get the full force of the remarkable likeness of the 
two. 

The Aim of This Paper. The study of these two graphs shows a 
dynamic connection between Mercury’s precessional action and_ the 
sunspots the planet causes. Inspection of the table of basic data shows 
that five planets, Mercury, Venus, Earth, Jupiter, and Saturn have 
considerable precessional action on the sun. The purpose of this paper 
is to calculate, as nearly as possible, the resultant precessional action of 
these five planets on the sun and to compare it with the sunspot curve 





*PopuLAR AstrRoNoMY, 53, 49. 
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to see if its many varied phenomena can be explained on a precessional 
basis. 


The writer's view of how sunspots are caused may be stated thus: 
What Jupiter, for example, does may be described in simple terms as 
follows. Jupiter acts on the sun’s equatorial bulge, which is gaseous 
and not rigidly attached to the body of the sun, and tends to shift the 
bulge into the plane of the planet’s orbit. The sun’s rotation forms the 
bulge and tends to maintain it in the same position with respect to the 
sun’s axis. The interaction of these two sets of forces disturbs the 
solar equilibrium continuously. The result is not a minute spin of the 
sun like a top but a profound disturbance of the material in the thicker 
portion of the equatorial bulge. This is the cause of the sun’s spots. 

Hipparchus discovered the motion of the equinoxes about 120 B.C. 
He never understood its cause but was able to determine by observa- 
tional means its approximate value. In 1687, some 1800 years later, 
Newton explained the cause of precession of the equinoxes in the 
“Principia.” Newton discovered that the earth has a bulge at its 
equator. According to modern surveys the equatorial diameter of the 
earth is 26.7 miles greater than the polar diameter. The unequal at- 
traction of the sun on the near and far portions of the equatorial bulge 
which is, respectively, greater and less than that at the center of the 
earth, causes precession. The moon also has precessional action on the 
earth as does the sun. 

Newton saw that the effect was greatest when the sun is farthest 
north or south of the equator and vanishes twice a year when the sun 
crosses it. He was able to prove that the precessional effect of the moon 
on the earth was about 2.4 times that of the sun. Moreover, he com- 
bined the two, obtaining a value which agreed well with the observa- 
tions. 

The modern mean value of the luni-solar precession is 50”.2 per year. 
This is the rate at which the equinoctial points move westward. A con- 
sequence of this motion is that the plane of the earth’s equator steadily 
changes its direction without changing the angle it makes with the 
plane of the ecliptic. Also the earth’s axis will describe a cone once 
in every 25,800 years. 

The 50”.2 was obtained by combining the solar precession which 
has a period of one year with the lunar precession which has a period 
of a lunar month and is 2.4 times as great as the solar precession. Thus 
it is clear that the precessional action of two bodies, the sun and the 
moon, can be combined and the resultant of the two calculated even 
though they have different periods and have unequal magnitudes. 


Method of the Graphical Solution. A graphical method equivalent 
to that used in finding the luni-solar precession on the earth was work- 
ed out for the five planets and the sun. The general plan was first to 
calculate the value of the precessional couple at many points distributed 
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over the orbit of each planet, all beginning at the ascending node of the 
sun’s equator on the plane of the planet’s orbit. The second step was 
to draw the graphs of these values all to the same scale for the thirty 
years following January 1, 1922. The next was to add the ordinates 
at 24 points in each year and plot the values so found, or rather the 
yearly means. Finally this precessional result was compared with the 
sunspot areas for the interval 1922 to 1946 inclusive. 


CALCULATED COUPLES OF THE FIvE PLANETS 


MERCURY 
0 .06965 -03399 .02351 .01953 
-O1113 .07507 .01581 .02473 .01854 
.02437 .07486 0 .02415 -01311 
. 04066 .06799 .01191 .02313 .007988 
.05590 -05249 .01877 .02223 0 
VENUS 
0 . 1388 0 . 1437 
.04401 .1281 .03604 . 1364 
-08146 .1134 .08459 .1144 
.1119 - 08236 .1166 -08367 
.1317 .0470 . 1370 -04525 
0 
EARTH 
0 .1222 0 1252 
.03678 .1180 .04003 -1191 
.06997 .1019 .07727 . 10065 
.09676 .07522 . 1059 .07193 
.1148 .04003 .1233 .03732 
0 
JUPITER 
0 .2187 .2374 0 . 1939 .1787 
.03895 .2431 . 2099 -04392 .2058 . 1479 
.07860 .2595 .1754 .08640 .2115 . 1326 
.1177 .2676 .1353 .1205 .2112 . 1042 
.1551 .2667 -09136 .1512 . 2067 .0720 
.1895 .2575 .04571 .1756 . 1940 .03720 
0 
SATURN 
0 .01139 .005858 .006617 .009562 
.002545 ~—-.01163 .003934  .006676 .008995 
.005025—-.01131 .001957 .007870 ~=—.007976 
.007279 ~—-.01048 .00000 .008801 -006511 
.009166 .009018 .001860 .009423 .004639 
.01055 .007819 .003647 .009694 =.002434 
0 


This required copious references to the Nautical Almanac, the use 
of the basic data of the table, and numerous calculations by means of 
the formula from Webster. Twenty-four points at intervals of 15 de- 
grees were selected in Mercury’s orbit, 18 points in the orbit of Venus, 
18 on the orbit of the earth, 36 on that of Jupiter, and 30 on the orbit 
of Saturn. 


Mercury makes 4.15 revolutions per year. In 30 years more than 
124 revolutions occur. To avoid the labor of plotting the graph point 
by point for each revolution, the 24 points for one revolution were 
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plotted as accurately as possible and a template made to fit the resulting 
curve. The graph of four and a fraction revolutions of Mercury for 
one year could then be drawn rapidly. The horizontal and vertical 
scales were chosen so the ordinates of Mercury were large enough to 
be measured accurately by means of an engineer's scale. In the hori- 
zontal scale one day equals 0.05 of an inch. This made the graph for 
one revolution of Mercury 4.4 inches long. Each value of a couple 
in their tabulated values was multiplied by ten and the result plotted 
vertically in inches. 

The same procedure was followed for Venus and the earth as was 
followed for Mercury. One graph was drawn for each year, its length 
being 365.2422  .05 or 18.26 inches. The graph for 30 years was 
over 45 feet long. 

The graph for Jupiter alone was about 18 feet long but there were 
only 3 or 4 points per vear for Jupiter and these were plotted directly 
on the graph. A straight line drawn between adjacent points was ac- 
curate enough for the purpose. Some of Saturn’s points were import- 
ant and these were treated in a similar way. 

The masses of the planets used in the Webster formula were all ex- 
pressed in terms of the earth’s mass as a unit. The unit for the radi 
vectores given in the Almanac are all expressed in terms of the earth’s 
mean distance from the sun. Thus the valyes of the couples for the 
various planets are all relative. They could not be expressed in gram 
centimeters unless the density of the equatorial bulge of the sun were 
known, which is not the case. 


Graphical Summary. The graphical work is summarized in the third 
of the three graphs in Figure 2. The vertical ordinates are all taken 
from the yearly mean obtained from each of the 30 graphs like that of 
1939. The area graph at the top is for the purpose of comparison. The 
second graph is the precessional action of Jupiter. It shows the time of 
each node accurately, the length of each of the two impulses and indi- 
cates the two unequal maxima. The superior maximum is 26 per cent 
greater than the inferior one. 

Unlike the area curve the precessional curve has no points near zero. 
Of the 720 calculated values the least was about 1.05. The greatest 
resultant is 5.94 about November 1, 1939. The sum of the maxima of 
the five planets considered is 6.145. It may be slightly more than this 
as no attempt was made to find the precise maximum of each. 

The lowest points of the precessional graph are nearly simultaneous 
with the nodes of Jupiter. Even below the low points of the precessional 
graph there is much precessional action, at least in the yearly means. 
Among the 360 monthly means, which is an average of two per month, 
there are many a little over 1.00. The least one, that of June, 1924, is 
1.05. Apparently there is precessional action without sunspots as a 
result. 
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FiGurE 2 
The first graph is that of sunspot areas. The 
third one is the resultant precessional curve for 
Mercury, Venus, Earth, Jupiter and Saturn. 


In 1926 the values 5.22, 5.21, and 5.32 occur in March, September, 
and October, respectively. In 1938 February = 5.02, March = 5.13, 
and September = 5.36. In 1929 the value 5.48 occurs in September. 

In 1950 occur the values March = 5.09, September = 5.14, and Oc- 
tober = 5.57. In 1951 the values 5.30 and 5.44 occur in February and 
September, respectively. The greatest of all these is 5.57 in October, 
1950. 

The alternate maxima run low, high, low. The ratio high to low does 
not seem to be as large in the resultant precessional graph as that given 
by Dr. Richardson farther on. This may be another indication that the 
rapidly moving planets do not produce spots in proportion to their 
couples. 

The resultant precessional curve is lowest when Jupiter’s action is 
zero. The sunspot maxima occur near Jupiter’s precessional maximum. 
In 1932 and also around 1944 the action of the other four of the planets 
seems to be in the nature of an assist to Jupiter. 


The 22.5 Year Cycle, In Leaflet 213 of the Astronomical Society of 
the Pacific dated November, 1946, Dr. Robert S. Richardson of Mount 
Wilson Observatory writes: “Beginning with the maximum of 1847 
successive cycles have alternated high, low, high, low, etc., in the ratio 
roughly of 7 to 5. This indicates a double period of from 22 to 23 
vears, the halves of which are not symmetrical. Further evidence for 
such a period is derived from the change in magnetic polarity of spot 
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groups at the commencement of a new cycle. That is, the magnetic 
cycle corresponding to the time between the successive appearances of 
spot groups of the same polarity is twice the familiar 11-year cycle.” 

From the basic data table the combined maximum of Venus and the 
earth is 2.689 and that of Jupiter alone is a little less or 2.676. Jupiter's 
precessional period is regular and unchanging. The precessional re- 
sultant of Venus and the earth is also regular and unchanging and is 
22.5 vears, the lowest common multiple of 112.5 days and the number 
of days in half a year. The precessional power back of the 22.5 year 
period is sufficient to superpose on the sunspot period of 11.2 years 
another period of 22.5 years. If one will go through the process of 
finding the L.C.M. referred to, the incommensurable number of days 
in a year cancels out. 

In examining these phenomena Newcomb’s considered conclusion 
should be kept in mind. “Underlying the periodic variations of spot 
activity, there is a uniform cycle unchanging from time to time and 
determining the general mean of the activity” (Astrophysical Journal 
Vol. 13, 1901, pp. 1-14). 

In the last nine cycles five are less than Jupiter's period of 11.86 
years and four are greater than that value. The main cycle very likely 
is 11.86 years. (See August, 1930, 4.J., article by the writer, graph 
of Section 10. See graph in Section 10 in article “Planets and Sun 
Spots” in Poputar Astronomy of December, 1940.) The 20-year 
period of Mercury also may modify the length of the main cycle. The 
22.5 vear period seems fixed. 

Some objection may be offered to finding the L.C.M. of two incom- 
mensurable numbers. A precedent of this type was set by Laplace over 
a century ago. The period of Venus is not 225 days but 224.7008-+- 
days and that of the earth is 365.24219879+ days. The long inequal- 
ity of Jupiter and Saturn was discovered by Halley but no one had 
been able to show that it was a consequence of Newton's law of gravi- 
tation. Laplace proved that the inequality was strictly of gravitational 
origin arising from the perturbations of the two planets which are 
cumulative up to a certain point. The cumulative effect is due to the 
fact that Saturn’s period is nearly 2.5 times that of Jupiter. Actually 
the ratio is 29.457/11.862 = 2.4719 instead of 2.5. Laplace showed 
that the period of the long inequality is 929 years. This enabled him 
to correct errors of the tables from 20 minutes to 20 seconds, thus cut- 
ting out arbitrary constants designed to compensate for the irregular 
motion of the two planets. 

Why the leader and trailer spots are of opposite polarities in the two 
hemispheres was explained in section 11 of my paper, “Planets and 
Sun Spots,” in PopuLAk AsTRoNoMY, December, 1940, The explanation 
will not be repeated here. 

The reversal of polarities affects about 60 per cent of the spots. The 
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other 40 per cent in all cycles are not bipolar. Since the cause of the 
spots is gravitational one would expect the cause of the reversal of 
polarities to be associated with the activity of Venus and the earth as 
their resultant period is the same as that of the reversal of polarities. 

It is to be noted that Mercury makes 4.15 or 4-3/20 or 83/20 revo- 
lutions per year. It is back at the same point about every twenty years. 
What effect, if any, it has on the reversal of polarities has not been 
investigated by the writer. 

Ocean tides are greatest when the sun and the moon are in conjunc- 
tion or opposition; what longitude either is in at the time has nothing 
to do with thé result. If two planets had the same ascending nodes 
and if the plane of their orbits made the same angle with the plane 
of the sun’s equator their resultant precessional action at opposition or 
conjunction would be the sum of their separate activities. But there is 
a wide variation between the two important data referred to. Never- 
theless, we may expect spurts of activity whenever two planets are in 
conjunction or opposition. As will be shown, the number of these 
spurts is large. 

Leaflet 50 of the 4. S. P., dated March, 1933, is an authoritative article 
on the Solar Cycle by Dr. Seth B. Nicholson of the Mount Wilson 
Observatory. He says, “Averaged by months they (the Wolf numbers) 
show that the cycle does not progress in regular fashion but in pulsa- 
tions which vary in length from five or six to as much as fifteen months. 
These fluctuations are smoothed from the curve when the yearly means 
are taken. 

It is indeed remarkable that the periods from opposition to conjunc- 
tion are as follows: 


Mercury-Venus 144 days, 4.8 months 
Jupiter-Earth 199.5 days, 6.6 months 
Jupiter-Venus 239 days, 8 months 
Venus-Earth 293 days, 9.8 months 
Mars-Jupiter 1.19 years, 14.3 months 


These five short periods should be doubled making a total of ten to 
take care of the interval from conjunction back to opposition again. 

The mean motion of the sunspots toward the equator is 0.14 degree 
per day (Abetti, “The Sun,” p. 78). This is 42 miles per day or 1.75 
miles per hour. If one will consider this steadily it obviously is in 
harmony with precessional action on the sun. Toward the poles the 
equatorial belt thins out and spots do not occur in high latitude. Sun- 
spots always occur in two zones about 25 degrees wide. This also is 
in harmony with precessional action on the belts. 

The plane of the sun’s equator makes an angle of 6° 2’ with the 
plane of Jupiter’s orbit. Hence within an equatorial belt 12 degrees 
wide the motion imparted to the material at and near the sun’s surface 
by Jupiter’s precessional action is reversed during the next half rota- 
tion of the sun. This makes spots caused by Jupiter infrequent in lati- 
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tude +5°. Similarly the belt of quiet for Mercury is +6° 28’, and for 
Venus is +7° 34’. This explanation is also in harmony with a pre- 
cessional cause of spots, even though occasional spots do occur at the 
equator. 

Dr. Nicholson says also: “Usually the first spots of the new cycle 
appear before the spots of the old cycle have disappeared from the 
equatorial zone.” The cycle he calls new is a cycle superposed on the 
main one. It is a cycle due to Venus and the earth of 22.5 years. The 
magnetic cycle of the same period presumably is associated with it. 


Kansas City, Mo., JANuAry, 1947. 





London May Get its Planetarium* 


Much interest has been aroused by the suggestion in the Sunday 
Times by Sir Alan Herbert, M.P., supported by the Astronomer Royal, 
Sir Harold Spencer Jones, that London should have a planetarium. 

The prospects appear to be encouraging, and the project certain of 
substantial support. Replying to a question in the House of Commons 
by Sir Alan Herbert, Mr. Silkin, Minister of Town and Country Plan- 
ning, said he understood that the provision of a planetarium is under 
consideration at the present. If and when a decision to proceed with it 
is taken, he would be happy to assist in securing a suitable site. More- 
over, there is a possibility of an interested London group securing the 
rights in an American equipment. 

Moreover, Mr. R. P. Winfrey, Secretary to the Sir Halley Stewart 
Trust, which has substantial funds at its disposal, promises financial 
support to any practical plan. Mr. Winfrey reveals that the Trust took 
active steps to secure a planetarium in 1936, but the project was killed 
by unreasonable stipulations by Ribbentrop, then German Ambassador 
here. 

Hitherto the German firm of Zeiss, whose Jena factories are in the 
Russian zone of occupation, have had a monopoly in the production of 
the delicate and complicated instruments necessary for equipping a 
planetarium, and their price was about $100,000. With one exception, 
their instruments equip the 30 planetaria of the world, most of which 
are in Germany, Russia, and the United States. There is none in 
Britain or the British Empire. 

The exception is at the Springfield Natural History Museum, Massa- 
chusetts, where a somewhat smaller installation cost $40,000. Its 
maker, Mr. Korkosz, believes that if it were produced in quantities 
its price could be brought down to between $12,000 and $20,000. At 
that figure it is thought the equipment could be sold on an economic 


_*Printed originally in the Sunday Times (London), transmitted to us by 
sritish Information Services, New York City. 
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basis to the smaller cities and to large educational establishments; 
whereas the more expensive Zeiss installation requires a large center of 
population to make it a paying proposition. 

A group interested in bringing a planetarium to London holds an 
option on an American set of equipment which is expected to be ready 
in six or seven months, but the question of its destination is compli- 
cated by the problem of a site. 

The American instrument has been inspected recently by the repre- 
sentative of a large British electrical undertaking which may itself 
manufacture the equipment in Lancashire. His report is that, while 
the American equipment may fall short of the Zeiss in some of the 
planetary movements, it scores with a realistic display of the Aurora 
Borealis. The Korkosz apparatus includes a sphere 3 feet in diameter, 
in which there are, roughly, 70 lenses, units which project on to the 
ceiling. It rotates on various axes and moves on a track extending 
over an arc of almost 180 degrees. 

One of the groups now interested in establishing planetaria in this 
country had a site in Great Russell Street before the war, but their 
negotiations with Zeiss were brought to an end with the approach of 
war in 1939. At that time the Government, unable to grant a site in 
one of the royal parks, offered one at Greenwich. This is considered 
too far away to be suitable. A location in South Kensington or even 
the heart of London is hoped for. Plans for the new Crystal Palace 
may include a planetarium. During the war, planetaria were used in 
the training of navigators both in the United States air forces and in 
the Luftwaffe. 

Mr. Winfrey, writing to the Sunday Times, about the Sir Halley 
Stewart Trust project, says: “In 1936 the trustees of the Sir Halley 
Stewart Trust were in consultation with Col. J. E. B. Mackintosh, 
Principal of the Science Museum, South Kensington, and a plan was 
worked out for erecting a planetarium in cooperation with Il. M. Office 
of Works. 

The trustees agreed to provide $60,000, the estimated cost of the 
instrument, which projects on the domed roof of the specially con- 
structed building the beams of light that depict the heavenly bodies. 

“Sir P. Malcolm Stewart, Sir Stanley Unwin and I,” continues Mr. 
Winfrey, “had several interviews with a representative of the Car! 
Zeiss organization, but unfortunately the negotiations broke down over 
difficulty in the exchange of pounds and marks. Although the Carl Zeiss 
firm were prepared to accept payment in “blocked marks,” Ribbentrop 
refused to grant the permit and insisted on the transaction being at the 
quite artificial rate of exchange which then prevailed. This would have 
meant that the instrument would have cost in the neighborhood of 
$120,000 and the trustees felt that it was impossible to carry on with 
the project when Ribbentrop adopted such an unreasonable attitude. 
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“Tt will, of course, be borne in mind that a planetarium is of great 
value in teaching navigation and would have been an asset to the Ad- 
miralty and the Air Ministry in training navigators during the war. 
No doubt Ribbentrop had this in mind! 

“There are a number of planetaria in Germany and Italy, and the 
Sir Halley Stewart trustees hope that representations will be made 
to the appropriate authority for at least one planetarium to be brought 
to England under the reparations program. The Sir Halley Stewart 
trustees are most anxious to see a planetarium established in London 
and will give their support to those who wish to further the proposal.” 





The Development of Navigation* 
By SIR HAROLD SPENCER JONES, F.R.S., Astronomer Royal 


Until after the middle of the eighteenth century there was no satis- 
factory method of navigation, no method by which a ship could de- 
termine its position at sea. The navigator, when out of sight of land, 
had to depend upon a careful recording of his course and of the speed 
of his ship. With little knowledge of winds and currents he had to 
allow for them as best he could; for measuring the speed of the ship 
he depended merely upon a small log of wood left floating astern, 
attached to a length of line which paid out at a rate timed by a sand- 
glass. It is not to be wondered at that a ship was often hundreds of 
miles from its estimated position and that many ships came to grief 
in consequence. A satisfactory solution of the problem of finding posi- 
tion at sea was not achieved by a single new discovery or invention. 
It was brought about by long years of patient effort and by contribu- 
tions from various directions towards the practical aim. The predom- 
inant contributions were British. 

The first step was the foundation of the Royal Observatory at 
Greenwich by King Charles IT in 1675. The proposal had been made 
that the position of a ship could be determined by astronomical ob- 
servations—by the measurement of the distance of the moon from 
adjacent bright stars. The proposal was critically examined by John 
Flamsteed, a practical astronomer. He pointed out that the best cata- 
log of the positions of the fixed stars was erroneous and incomplete 
and that the best tables for deriving the position of the moon were very 
inaccurate: in consequence errors of as much as 300 leagues—900 





miles—in the position of a ship were possible. The method would, how- 
ever, be a practical one, if accurate positions of the stars and reliable 
tables of the moon’s motion were available. But to obtain this informa- 
tion very accurate observations, continued for many years, were essen- 


*Published originally in The Listener (London), transmitted to us by British 
Information Services, New York City. 
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tial. Flamsteed concluded his report with these words: “That there- 
fore His Majesty would give a great and altogether necessary encour- 
agement to our navigation and commerce (the strength and wealth of 
our nation) if he would cause an Observatory to be built, furnished 
with proper instruments, and persons to be employed in it, to take 
new observations of the heavens: that so no help might be wanting 
to our sailors for correcting their sea charts, or finding the places of 
their ships at sea.” 

The King therefore decided to found an observatory where the ob- 
servations could be made and to appoint Flamsteed as Astronomer 
Royal to take charge of it. Systematic regular observation became the 
keynote of the work at Greenwich, not only under Flamsteed but also 
under his successors. The value of the observations made at the Green- 
wich Observatory over many years was stressed by the eminent Ameri- 
can astronomer, Simon Newcomb, about fifty years ago, in these 
words: “The most useful branch of astronomy has hitherto been that 
which is practically applied to the determination of geographical posi- 
tions on land and sea. The Greenwich Observatory has been so far the 
largest contributor in this direction as to give rise to the remark that, 
if this branch of astronomy were entirely lost, it could be reconstructed 
from the Greenwich Observations alone.” 


The importance of these contributions of the Greenwich Observa- 
tory was recognized by the choice in 1884, by international agreement, 
of the Greenwich meridian as the prime or zero meridian of longitude. 
A different method which had been proposed at various times for the 
determination of the longitude was based on the variation of the com- 
pass from the true north direction. The variation has a different value 
from point to point on the earth’s surface. Edmund Halley, who became 
the second Astronomer Roval, was interested in the problems of the 
earth’s magnetism and in the use of the variation of the compass to 
assist in finding the longitude at sea. Accordingly he was given in 1698 
a commission as a Post Captain in the Royal Navy, in charge of His 
Majesty’s Pink, the Paramour, to proceed, as his instructions stated, 
“with her on an expedition to improve the knowledge of the Longitude 
and variations of the compasse.”” In this ship on the first sea voyage to 
be undertaken for a purely scientific purpose, Halley sailed for two 
vears. 

Immediately on his return to England, Halley set to work on his 
material, and in 1701 he published for the use of seamen a chart of the 
variations of the compass in the Atlantic Ocean. In 1702 he published 
a similar chart of the variations over the whole world, based on all 
available observations. These charts were a most important contribu- 
tion to practical navigation. They were not of much help in finding 
the longitude but they did provide the data required by the navigator 
for steering any desired course with the aid of the compass. 
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In 1714 a bill “for providing a publick reward for such person or 
persons as shall discover the Longitude” was passed by Parliament. 
A body of “Commissioners for the discovery of longitude at sea” was 
appointed. The Board of Longitude, as this body was called, was given 
power to grant sums not exceeding £2,000 annually, to assist experi- 
ments and reward minor discoveries. The Act offered an award of 
£10,000 to any person who should invent a practicable method of 
finding the longitude within sixty geographical miles, to be tested by a 
voyage to the West Indies and back: the prize was to be £15,000 if 
within forty miles, and £20,000 if within thirty miles. 


The successful determination of longitude at sea by means of astro- 
nomical observations required accurate observations to be made from 
the moving deck of a vessel. All the instruments in use at sea for 
measuring angles either depended upon a plumb line or required the 
observer to look in two directions at once—for example, at the sun and ~ 
at the horizon. This difficulty was removed by the invention of the re- 
flecting quadrant. Robert Hooke seems to have been the first person 
to devise such an instrument which he described to the Royal Society 
in 1667. The first construction of a reflecting quadrant resembling the 
sextant of today was due to Sir Isaac Newton, who communicated an 
account of it to Halley, which was found amongst Halley’s papers after 
his death, and was published in 1742. In the meantime the instrument 
had been re-invented independently by John Hadley in England, who 
described it to the Royal Society in 1731, and by Thomas Godfrey in 
America. In 1733 Hadley described to the Royal Society a quadrant 
with a spirit level attached to its radius, for taking altitudes when the 
horizon is not visible. The use of a bubble has found application in 
the modern bubble sextants used in air navigation. 


The systematic observations of the moon which were made at Green- 
wich were invaluable for the investigation of the theory of the moon’s 
motion. Tobias Mayer in Germany worked out a theory of the moon’s 
motion and used it to calculate tables which were a notable improve- 
ment on earlier tables. The tables were sent to the Admiralty in Eng- 
land, who submitted them to Bradley, the Astronomer Royal, for 
criticism. Bradley found that they gave the moon’s place generally 
correct to within one minute of arc and reported favorably on them. 
They were published in 1770 at the expense of the Board of Longitude, 
a sum of £3,000 being paid to Mayer’s widow. 


The method of lunar distances had now become a practicable method 
for determining longitude at sea. The observations at Greenwich had 
provided sufficiently reliable places of the fixed stars. The lunar tables 
of Tobias Mayer were available for calculating the positions of the 
moon, while the sextant made it possible to obtain accurate celestial 
observations at sea. Nevil Maskelyne, who became Astronomer Royal 
in 1765, took a keen interest in practical navigation. In 1763 he had 
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published the British Mariner’s Guide, a handbook for the determina- 
tion of longitude at sea by the method of lunars. In this guide, he 
pointed out the advantage, for finding the longitude at sea, of calculat- 
ing beforehand at three-hourly intervals the distances of the moon 
from the sun, and the principal stars lying near her path, and inserting 
the results in an annual ephemeris. The year after his appointment 
as Astronomer Royal, Maskelyne published, under the auspices of the 
Board of Longitude, the first number of the Nautical Almanac to pro- 
vide this information. The publication of the Nautical Almanac, modi- 
fied from time to time to suit changing needs, has been continued with- 
out interruption up to the present day. 


But the real solution of the problem of finding the longitude had 
meanwhile come about in a different way—and by another British aid 
to navigation. John Harrison, the son of a Yorkshire carpenter, labor- 
ed for some thirty years on the development of a timepiece that would 
keep good time at sea, in spite of the motion of the ship and wide vari- 
ations of temperature. Harrison achieved what had been considered 
impossible. He made four different timepieces; No. 1 was completed 
after six years’ labor in 1735; No. 2 was completed in 1739; No. 3 in 
1757; and No. 4 in 1759. No. 4 was entered by Harrison for the 
award and was tested on a voyage to Jamaica in 1764; it gave for the 
difference in longitude between Portsmouth and Jamaica a value which 
agreed with the value obtained from astronomical observations within 
ten miles, thus qualifying easily for the award of the prize of £20,000. 
A duplicate of Harrison’s No. 4 was made by Larcum Kendall and was 
taken by Captain Cook on the second and third of his famous voyages. 
It performed so well that Cook was loud in its praise; he said in his 
journal that “our error in longitude can never be great so long as we 
have so good a guide as Mr. Kendall’s watch.” 


The Board of Longitude continued in existence until 1828 when it 
was dissolved, having served its purpose. It disbursed in all a total sum 
of £101,000 in grants of one sort or another, representing a substan- 
tial contribution by the government to the solution of a practical prob- 
lem. 





The invention of the marine chronometer did not put the method of 
lunar distances entirely out of court. Even today, with all the improve- 
ments since Harrison’s time, no chronometer can be regarded as a per- 
fect timekeeper. It is necessary to keep a check on the performance of 
the chronometer by the determination of its error and its rate. The 
method of lunar distances continued for many years to provide the 
best means of doing this. The world-wide dissemination of Greenwich 
time by means of radio time signals has provided the simplest and most 
convenient method of checking the performance of chronometers and 
has finally rendered the method of lunar distances obsolete. 


I have attempted to show the importance of British contributions to 
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the first satisfactory solution of the basic problems of navigation; the 
first systematic observations to provide the fundamental astronomical 
data with the required precision; the construction of the first mag- 
netic charts; the invention of the quadrant or sextant, for obtaining 
accurate observations of the celestial bodies; the publication of the first 
Nautical Almanac planned specifically for the use of the navigator ; 
and the invention of the first timepiece capable of keeping accurate 
time at sea. These are all achievements on which we can look back 
with pride and satisfaction. 





The Planets in June, 1948 


By RAYMOND H. WILSON, JR. 


Note: The time employed is Central Standard Time unless otherwise indi- 
cated. The phenomena have been chosen and described for the North American 
continent, and especially for the United States. The basic data have been taken 
principally from the American Ephemeris and Nautical Almanac. 


Sun, During most of this month the sun will be at more than 23 degrees 
north declination. Its farthest north position, called the summer solstice, occurs 
on June 21 at 6 A.M. 


Moon. The phases of the moon will occur as follows: 


New Moon June 7 7 a.m 
First Quarter 13 11 pm 
Full Moon 21 7 A.M. 
Last Quarter 29 9 a.m. 


The moon will be nearest to the earth on June 10. 
No occultations of bright stars will be visible. 


Evening and Morning Stars. Venus will be a conspicuous early evening star 
for the first half of the month only; while Mars and Saturn remain so during 
all this month. Jupiter will be visible all night during June. 


Mercury. During the first week of the month Mercury may be seen low 
in the northwest in the evening twilight. On June 8 it will appear about 5 degrees 
south of the two-day-old moon. Its inferior conjunction with the sun on the 
24th occurs just a few hours before that of the planet Venus. 


Venus. This planet, though still brilliant, will make a rapid exit from the 
evening sky by its approaching the sun to become a morning star on June 24. 
Such change of relative position of an inferior planet is accelerated by its retro- 
grade motion, which is greatest at this aspect. 


Mars. The red planet will be moving rapidly southeastward through Leo, 
leaving Regulus and Saturn several degrees behind it. 

Jupiter. The king of all the planets will come to opposition with the sun on 
June 15, so that it then will rise at sunset and be due south at midnight. How- 
ever, tts low southern declination will handicap telescopic observation. 


Saturn. Saturn will be moving slowly eastward a few degrees west of Regu- 
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lus in the western evemng sky. It is thus in a position quite favorable for early 
evening observation. 


Uranus, Conjunction with the sun on the 17th will render Uranus practically 
invisible during June. 

Neptune. Neptune will be almost stationary during the month at a position 
2 degrees southwest of y Virginis. 


Department of Mathematics, Temple University, Philadelphia, Pa. 
April 7, 1948. 





Asteroid Notes 
By HUGH S. RICE 


We offer at this time ephemerides of the brightest available asteroids, those 
of the planets 20 MassariA, 511 Davina, and 23 THALIA. MASSALIA was dis- 
covered in 1852 by de Gasparis at Naples, Davina in 1903 by Dugan at Konig- 
stuhl, and THALIA in 1852 by Hind at London. 

MASSALIA comes to opposition May 23, with photo-magnitude of 9.7. It is at 
the Libra-Scorpius boundary. Davina is at opposition May 25, with magnitude 
10.4, and is found near the Ophiuchus-Libra boundary, THALIA arrives at opposi- 
tion June 5, with magnitude 11.0, and is in Ophiuchus. These are all photo- 
graphic magnitudes, and so it is likely that the visual magnitudes may perhaps 
be 1 unit brighter. 

The subjoined ephemerides were sent to us, along with others of fainter 
planets, by Dr. F. Gondolatsch, of the Astronomisches Rechen-Institut, now 
located at Heidelberg, Germany. 


ASTEROID EPHEMERIDES 
For 0" U.T. Equinox 1950.0 


20 MASSALIA 


a 6 

1948 aed a 

May 1 16 21.2 —20 58 

9 16 14.3 —20 38 

17 16 6.5 —20 16 

25 15 58.3 —19 52 

June 2 15 50.4 —19 27 

0 15 43.4 —19 3 

18 15 37.9 —18 40 

511 Davina 23 THALIA 
a 6 a 6 

1948 b m ° , 1948 b m ° , 
May 9 16 21.8 —5 6 May 9 17 20.8 —23 43 
17 16 16.0 —457 17 17 14.3 —24 2 
25 16 9.9 — 453 25 17 6.7 —24 18 
June 2 16 3.8 —455 June 2 16 58.5 —24 31 
10 15 58.0 —5 4 10 16 50.2 —24 42 
18 15 52.8 — 519 18 16 42.2 —24 50 
26 15 48.5 — § 39 26 16 35.1 —24 55 


Hayden Planetarium, American Museum of Natural History, 
New York, N. Y., April 21, 1948. 























Occultations for June, 1948 269 





Occultations for June, 1948 
(Taken from the Amerian Ephemeris) 


The quantities in the columns a and b are given for the purpose of making 
these predictions useful for any place within 200 miles of the point indicated. 
The procedure is as follows: Subtract the longitude of the point given from 
the longitude of the place in question; multiply the result in degrees, taking the 
signs into account, by the quantity under a for the star to be observed; similarly, 
with the latitude, using b; apply the sum of the products, with its proper sign, to 
the Greenwich C.T., and obtain the predicted Greenwich Civil Time for the phe- 
nomenon at the place of observation. To obtain Eastern Standard Time it is 
necessary to subtract five hours; Central Standard Time, six hours, etc. 








IMMERSION EMERSION 
Green- Angle E Green- Angle E 
Date wich from wich from 
1948 Star Mag. Ct. a b N CT. a b N 
h m m m ° h m m m ° 


OccuLTATIONS VISIBLE IN LoncitupE +72° 30’, LatitupE +42° 30’ 
June 15 6 Virg 44 22 305 —12 —03 125 23 453 —13 —0.9 312 
24 40 B.Capr 6.2 554.5 —2.1 +0.7 89 7 20.4 —1.7 +0.6 235 
25 35 Capr 60 8 593 —23 —05 90 10 99 —05 +0.7 209 
OccuLTATIONS VISIBLE IN LoncitupE +91° 0’, LatirupE +-40° 0’ 
June 10 cGemi 54 1494 —1.1 0.0 50 218.9 +1.0 —27 
24. 40 B.Capr 6.2 5196 —14 +1.1 94 6 41.9 —2.0 +1.3 242 
25 35 Capr 60 8 182 —2.1 +09 69 9475 —17 +0.6 
OccuLTATIONS VISIBLE IN LoNGITUDE +98° 0’, LatitupE +30° 0’ 
June 10 ¢Gemi 54 1 50.2 —05 —09 90 2 43.3 +03 —1.6 305 
24 40 B.Capr 62 5 49 —O8 0.0 122 6 90 —2.2 +2.4 
25 35 Capr 60 7514 —24 +11 79 9 24.2 —21 +14 228 
OccuLTATIONS VISIBLE IN LoNGITUDE +120° 0’, LatitupE +36° 0’ 
June 25. 35 Capr 60 7 21.0 —1.2 41.7 68 8 438 —1.9 41.3 257 
28 376 B.Aqar 6.3 11 50.3 rar —- too ie 32 be an 





METEORS AND METEORITES 


Contributions of The Meteoritical Society 
(Known Formerly as The Society for Research on Meteorites) 
Edited by FREDERICK C. LEONARD 
Department of Astronomy, University of California, Los Angeles 24 


Sampling Theory Applied to Meteoritic Populations 
Lincotn La Paz 
Institute of Meteoritics, University of New Mexico, Albuquerque 


[Continued from C.M.S. in the April, 1948, Issue] 
$2 


§2. Application of the Sampling Theory to Various Meteoritic Populations. 
—We shall now apply the theory developed in the preceding section (§1) to the 
meteoritic populations of various subregions of the globe, employing as the source 
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of the numerical data relating to samples of these populatfons the exceedingly 
useful compilations recently published by Frederick C. Leonard and Boris 
Slanin.17 In everything that follows, quantities written in parentheses relate 
to meteorites of unwitnessed fall. Some notation of this sort is essential, for, 
since the mathematical processes carried out in analyzing data relating to the 2 
categories of witnessed and unwitnessed falls are identical, we shall wish, on the 
one hand, to carry thru our computations in parallel, while, on the other hand, 
we shall want to preserve in the clearest manner the distinction between the 2 
statistically distinct categories of U- and W- falls. 

A first goal is to secure a sort of control. To effect this, we must apply our 
sampling theory to situations where there are the strongest a-priori reasons for 
doubting that any real difference exists in the stone/iron proportion. One such 
situation would involve a comparison of the H’-falls relating to any 2 (sufficient- 
ly large) subregions of the globe. Such subregions, arbitrarily chosen, however, 
would not be suitable for a control calculation on U-falls, for, in this case, our 
a-priori judgment would not favor similarity between the meteoritic populations, 
unless it were known that the 2 subregions under comparison were closely similar 
as regards average topographical and climatic character, and, in view of Hégbom’s 
persuasive conjecture, particularly as regards length of occupancy by human popu- 
lations, both civilized and dense. Influenced by such considerations, it is natural 
for us to choose, for the control calculations, the neighboring regions of Europe 
and Asia. In our general theory, we shall therefore first take for M, the popula- 
tions of meteoritic falls witnessed (unwitnessed) in Europe, and for M, those of 
falls witnessed (unwitnessed) in Asia. 


§2:1. Europe versus Asia—Samples for our analysis are then provided by 
the collections of 1, = 279 (62), and n,=176 (36) meteorites of witnessed (un- 
witnessed) fall recovered in Europe and Asia, respectively, up to 1941 January 1. 
From the tabulations of Leonard and Slanin, we find », = 264 (22), and ».= 161 
(11); whence 7, = 0.9462 (0.3548), m= 0.9147 (0.3056), and therefore A= 
™,— 7m, = 0.0315 (0.0492). Our first problem is to determine whether or not 
these observed differences indicate that the respective 1/,, M, populations differ 
significantly as regards the prevalence of stony meteorites. To answer this ques- 
tion, we introduce the hypothesis (H) of §1 and compute p = (»,+ »,)/(n,+ nz) 
= 0.9342 (0.3367), from which 1—p= 0.0658 (0.6633), and os? = 0.0005696 
(0.009806). Thus, os = 0.02386 (0.09904), and, consequently, the observed dif- 
ference A in the case of witnessed falls is 1.320 times the standard deviation, 
while in the case of unwitnessed falls it is 0.4968 times the standard deviation; 
but, then, from the normal probability table, we find that, in the case of witnessed 
falls, the probability P of the occurrence of differences 4 numerically larger than 
the observed A is P = 0.188, while, in the case of unzitnessed falls, this prob- 
ability P = 0.619. In view of the large value of P in either case, it is clear that 
the observed differences 4 = 0.0315 (0.0492) provide no grounds for doubting the 
truth of our hypothesis (H); hence, we are led to conclude that the meteoritic 
populations of Europe and Asia do not differ significantly as regards the propor- 
tion of stony meteorites contained in them. 

It is interesting to note that this conclusion has been reached for both cate- 
gories of falls, unwitnessed as well as witnessed. In the latter case, as was point- 
ed out earlier in this section, common sense would have strongly supported the 
belief that no significant difference exists in the relative frequency with which 
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stones occur in the meteoritic populations consisting of falls actually observed in 
Europe and Asia, for whatever the extraterrestrial distribution of irons and 
stones may be, one would certainly expect that the number of observed stone falls 
occurring per million falls witnessed in Europe was very nearly the same as the 
number of such falls occurring per million falls witnessed in Asia. This con- 
cordance between the dictates of common sense and the results obtained by ap- 
plication of sampling theory in the case of witnessed falls, where, because of the 
relative simplicity of the situation, a-priori judgments concerning the character 
of the populations /,, M, are entitled to our confidence, strongly supports the 
view that we are justified in regarding the meteorite collections provided by the 
complex processes resulting in the discovery of unwitnessed falls as being samples 
to which also we may legitimately apply our sampling theory. Our control calcu- 
lations on the Hi’-falls of Europe and Asia (and the quite similar results ob- 
tained for H’-falls from other regions of the globe) also suggest that, in meteor- 
itic sampling, observed differences that are clearly non-significant may amount 
to very substantial multiples of the associated standard deviation; whence, in 
a critical testing of meteoritic populations on which a-priori judgments are of 
little aid, we should insist on the use of the lowest confidence level (that cor- 
responding to P = 0.025), rather than the less exacting level corresponding to 
P= 0.05. 

§2:2. The Eastern Hemisphere versus the Western.—In our general theory, 
we shall next take for 14, and \/, the populations of meteoritic falls witnessed 
(unwitnessed) in the eastern and western hemispheres, respectively; then samples 
for analysis are available in the collections of n, = 514 (213) and n,=123 (542) 
meteorites of witnessed (unwitnessed) fall recovered in the eastern and western 
hemispheres, respectively, up to 1941 January 1. From the tabulations of Leonard 
and Slanin, we find that », = 477 (60) and »,=112 (179); whence, 7, = 0.9279 
(0.2817), m,=0.9105 (0.3303), and therefore 4=7,—7,= 0.0174 (—0.0486). 
Our next problem is to ascertain whether these observed differences indicate that 
the respective meteoritic populations, 4/,, M., are significantly different as re- 
gards stoniness. To answer this question, we introduce the hypothesis (H) 
again, and compute p= (»,+ »,)/(m+n.) = 0.9268 (0.3166), from which 
1— p = 0.0732 (0.6834), and os? = 0.0006836 (0.001416). Thus, os = 0.02614 
(0.03761), and consequently the observed differences A, in the case of witnessed 
(unwitnessed) falls, are 0.6655 (— 1.292) times the corresponding standard 
deviations; but, then, from the normal table, it follows that, in the case of wit- 
nessed falls, the probability P of the occurrence of differences 4 numerically 
larger than the observed A is P = 0.506, while, for unwitnessed falls, this prob- 
ability has the value P = 0.196. In view of the large values found for P, it is 
evident that for neither the witnessed nor the unwitnessed falls do the observed 
differences 0.0174 (— 0.0486) furnish evidence discrediting the hypothesis (H/) ; 
hence, we are forced to conclude, in contradiction to what appears to be a widely 
held view among meteoriticists, that logically comparable meteoritic populations 
belonging to the eastern and western hemispheres do not differ significantly as 
regards the proportion of stony meteorites contained in them. 

As pointed out earlier in this paper, the generally held contrary view is seen 
to have had its origin in results obtained by illegitimately lumping together all 
recovered meteorites—those belonging to the category of witnessed falls as well 
as those belonging to the quite dissimilar category of unwitnessed falls. Such 
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hybrid collections do show proportions of stones to irons differing so markedly 
as apparently to have led astray all who have published on the matter from 
Farrington’s time onward; in fact, if to the statistically non-homogeneous meteor- 
itic populations produced by the lumping process, we were unjustifiably to apply 
our sampling theory, we too should undoubtedly find an observed difference 
A=n,—7, so large as (falsely) to imply a significant difference between the 
eastern and western hemispheres as regards the stoniness of the associated tota/ 
meteoritic populations. The results so attained logically would have to be attri- 
buted, however, not to the objective existence of significantly different proportions 
of stones in the total meteoritic populations of those 2 hemispheres, but rather 
to an illegitimate application of sampling theory. 

§2:3. The Old World versus the New.—There remains to be tested only the 
validity of Hégbom’s interesting conjecture that, because of the selective depletion 
of meteoritic populations in subregions of the world long inhabited by man, thru 
his collection and destructive use of the iron meteorites contained in them, there 
has been artifically established a real difference between the meteoritic popula- 
tions of the Old and New Worlds as regards the incidence of stony character. 
If, as Hégbom believes, such a difference actually exists, and has arisen from the 
fact that, in the New World, our samples (collections) have been taken from 
essentially untouched meteoritic populations, whereas in the Old World the 
sampling (collecting) process has operated on populations selectively depleted 
of irons by man, then we can predict that, on applying our statistical machinery 
to the category of witnessed falls, we shall find no significant difference between 
the Old and New Worlds, for, during most of the interval in which witnessed 
falls have been subjected to the activity of meteorite-collectors, man has had 
available and has almost exclusively depended upon sources of the metal iron 
other than siderites and pallasites. On the contrary, if Hégbom’s conjecture is 
well founded, we can foresee that application of our sampling theory to the cate- 
gory of unwitnessed falls should disclose a significantly higher proportion of iron 
meteorites in the New World than in the Old. The first, but not the second, of 
these predictions is borne out by the calculations that follow. 

On the basis of available information concerning the date of origin and the 
spread of the various civilizations, the following countries have been taken as 
constituting the Old World: (1) in Asia—all countries except Siberia; (2) in 
Africa—Algeria, Italian Somaliland, Morocco, Tunisia, Egypt, Ethiopia, and 
the Sudan; (3) in Europe—Italy, Greece, Spain, Portugal, Turkey, France, the 
3ritish Isles, Switzerland, and Austria. The remainder of the globe has been 
taken as constituting the New World. In our general theory, we shall now take 
for M, and M, the populations of meteoritic falls witnessed (unwitnessed) in the 
Old and New Worlds, respectively. Then samples for analysis are provided by 
the collections of n, = 295 (38) and 2, = 342 (717) meteorites of witnessed (un- 
witnessed) fall recovered in the Old and New Worlds, respectively, up to 1941 
January 1. From the tabulations of Leonard and Slanin, we find »,= 276 (17) 
and », = 313 (222) ; whence 7, = 0.9356 (0.4473), 7, = 0.9152 (0.3096), and there- 
fore A= m7, — 7, = 0.0204 (0.1377). Our final sampling problem is to determine 
whether or not these observed differences indicate that the respective M,, 
populations differ significantly as regards the proportions of stony meteorites con- 
tained in them. To answer this question, we again introduce the hypothesis (H) 
and compute p= (+ »)/(1,-+ 2.) = 0.9247 (0.3166), from which 1—p= 
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0.0753 (0.6834) and os? = 0.0004396 (0.005996). Thus, %3 = 0.02097 (0.07743), 
and, consequently, the observed difference 4, in the case of witnessed falls, is 
0.9727 times the standard deviation, and, in the case of unwitnessed falls, is 1.778 
times the standard deviation. The normal probability table therefore shows that, 
in the case of witnessed falls, the probability P of the occurrence of differences 
A numerically larger than the observed 4 is P = 0.331, and hence that the differ- 
ence observed in this case provides no grounds for questioning the truth of the 
hypothesis (H). The same table shows that, in the case of unwitnessed falls, 
the corresponding probability is P = 0.0752. Altho this value is the smallest of 
the probabilities P so far encountered, it is still more than 50% larger than the 
greatest of the lower bounds (0.05) below which P must descend for the differ- 
ence 4 to become significant. We conclude, therefore, that the available evidence 
does not support Hogbom’s interesting conjecture. 
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The Orbits of Three Stone-Dropping Meteors: Tilden, Paragould, and Archie* 
C. C. WYLIE 


State University of Iowa, Iowa City 
ABSTRACT 
The elements of the orbits of the bodies that dropped stony meteorites 
(aerolites) at Tilden, Illinois, in 1927; at Paragould, Arkansas, in 1930; and at 
Archie, Missouri, in 1932, are presented and briefly discussed. All 3 orbits were 
direct, with moderate eccentricities and inclinations, not unlike those of some 
of the asteroids. 


The Iowa work on spectacular and detonating meteors, based on interviews 
with observers, having them stand where they were when the meteors were seen, 


*Presented before the meeting of the Section on Astronomy (Section D) of 
the American Association for the Advancement of Science, at the Chicago meet- 
ing (the 114th) of the Association, on the afternoon of December 26, 1947. 
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includes 3 meteors from which fallen meteorites have been recovered. The first 
was the Tilden meteor of July 13, 1927, which dropped meteorites in and near 
Tilden, Illinois, 3, and probably 4, meteorites having been recovered. The largest 
weighed 110 pounds, and these meteorites were the first to be recovered in the 
State of Illinois. The second was the Paragould meteor of February 17, 1930, 
which dropped meteorites near Paragould, Arkansas, 3 having been recovered. 
The largest, which weighed 800 pounds, before souvenirs were knocked off, is 
the largest meteorite for which the date of fall is known. The third was the 
Archie meteor of August 10, 1932, which dropped meteorites near Archie, 
Missouri. 

For the Tilden meteor, the interviews were made by the author, and the 
calculations by Miss Alice Swain and the author. For the Paragould meteor, 
the interviews were made by the author, and the calculations by J. F. Foster, 
Harry E. Nelson, Warren J. Thomsen, and the author?. For the Archie meteor, 
the interviews were made by Professor FE. S. Haynes, of the University of 
Missouri, and the author. The calculations were made by J. W. Kitchens and 
the author. 

It is interesting to note that all 3 orbits were direct, and that the eccen- 
tricities and inclinations were not high, even tho one meteor fell at 4:08 a.m. 
It is often said that meteors falling at that hour were moving in retrograde 
orbits, but that is evidently not necessarily the case. For the Tilden, Paragould, 
and Archie meteors, the inclinations were, in order, 1° 22’, 19° 3’, and 7° 34’. The 
eccentricities were, in order, 0.45, 0.63, and 0.47. The highest inclination and 
eccentricity occurred, as might naturally be expected, for the Paragould meteor, 
which fell in the morning hours. 

The orbits of these stone-dropping meteors were similar to those calculated 
from data obtained at interviews with observers of other spectacular and de- 
tonating meteors. They were similar also to the orbits of Adonis and other 
asteroids with perihelia inside the orbit of the Earth. This fact suggests that 
the spectacular meteors may be considered tiny asteroids. If the asteroids are, 
as many believe, the remains of a disrupted planet, which once moved between 
the orbits of Mars and Jupiter, then the meteorites are, presumably, fragments 
from that planet. 

Elements have been published previously for the orbits of the Archie and 
Paragould meteors,+ but not for that of the Tilden. Following are the complete 
elements of the orbits of all 3 meteors: 


TILDEN PARAGOULD ARCHIE 
a Live Rt. 2.50 at. L.S2 a. 
€ 0.45 0.63 0.47 
w 141° 53’ a43° 57° 110° 924’ 
£3 110° = 24’ 328° 2 138° z 
i ~ 2 19° Fig 7° 34’ 
P 2a ¥t- 3.96 yr. 1.87 yr. 


1947 December 24 
The 1947 Award of the $1000 Prize of the A.A.A.S. 
The $1,000 Prize for “a notable contribution to science,” established in 1923 
by a generous friend of the A.A.A.S. who desires to remain anonymous, and 


+I’, Nelson & Thomsen on “The Orbit of the Paragould, Arkansas, Meteor,” 
C. A. S., 4, 66-9; P.A., 55, 448-50, 1947, 
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awarded at annual meetings of the Association, was presented in Chicago [at the 
114th meeting] to 30-year-old Harrison S. Brown, Assistant Professor of Chem- 
istry at the Institute for Nuclear Studies, The University of Chicago. Dr. 
Brown’s paper, “Elements in Meteorites and the Earth’s Origin,’ was selected 
from over 2,000 papers by a Prize Committee consisting of Dean Fernandus 
Payne (zodlogy), Indiana University, Chairman; A. J. Dempster (physics), The 
University of Chicago; Malcolm Dole (chemistry), Northwestern University ; 
and William R. Taylor (botany), University of Michigan. This week’s cover-photo 
[of Science, entitled “Presentation of the A.A.A.S. $1,000 Prize, Chicago, Decem- 
ber 31, 1947”] shows F. R. Moulton, Administrative Secretary of the Associa- 
tion, presenting the prize to Dr. Brown in the presence of Drs. Dempster and 
Dole. 

To be eligible for consideration for the $1,000 Prize, a paper need not be 
presented by a member of the Association, but it must not be an official address 
or an invited paper. The donor has expressed the wish that particular considera- 
tion be given to younger scientists and that the award be made to a single person 
rather than divided among several.—*News & Notes,” Science, 107, No. 2767, 36, 
Jan. 9, 1948. 

It has been reported that Dr. Brown was the youngest person ever to re- 
ceived this coveted prize of the Association, which, in 1947, was awarded, for the 
first time, to the author of a paper on a meteoritical subject. The felicitations 
of the Society go to Dr. Brown, not only for his personal success but also for 
the public recognition that it has brought the science of meteoritics. (See also 
C. C. Wylie’s report in P. A., 56, 144-6, Mar., 1948.) 





First Notice of the 11th Meeting of the Society 


The 11th Meeting of the Society will be held on Tuesday, September 7, and 
Wednesday, September 8, 1948—sessions opening at 9 A.M. and 2 p.m.—at the 
Institute of Meteoritics of the University of New Mexico in Albuquerque. 

Members of the Meteoritical Society are hereby requested to send the under- 
signed, at their earliest opportunity, and by August 1 at the latest, the titles and 
abstracts (the latter in form for publication in C. M.S.) of any papers that they 
may wish to present, or to have presented, at the 11th Meeting, of which all 
the scientific sessions will be open to the public and at which guests, as well as 
members, will be welcome. 

Lincotn La Paz, Chairman, Program 
Committee for the 11th Meeting 


Institute of Meteoritics, University of New Mexico, Albuquerque, 
1948 March 23 


President of the Society: ArtTHUR S. KiNG, Mount Wilson Observatory, Pasa- 
dena 4, California 
Secretary of the Society: Oscar E. Monnic, 1010 Morningside Drive, Fort Worth 
3, Texas 
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VARIABLE STARS 


Variable Star Notes from the 
American Association of Variable Star Observers 


By LEON CAMPBELL, Recorder 


L’ Association Francaise D’Observateurs D’Etoiles Variables: It is encourag- 
ing to note that the French Variable Star observers have resumed publication 
of their Bulletin containing observations and discussions of variable stars. Vol. 
VII, No. 1, the first postwar issue, has just appeared in print. Therein is to be 
found an account of the life and scientific work of the late Professor Henri 
Grouiller of the Observatory at Lyon, France, former secretary of the Asso- 
ciation and at one time Vice-Chairman of Variable Star Commission 27 of the 
I.A.U. He was also for many years an honorary member of the AAVSO. He 
died in November, 1943, at the age of 54. 

Several variables are discussed by Dr. A. Brun in this Bulletin; AX Cephei, 
AW Cephei, AY Cephei, BD Cephei, and V Bootis. There is also a resumption 
of the tabulation of variable star observations as contributed to the French 
Association in 1937. In the table there are 6,457 estimates contributed by 18 
observers, four of whom were also contributors to the AAVSO. 

These observations, together with the mimeographed reports of the Variable 
Star Section of the New Zealand Astronomical Society, under the direction of 
Mr. F. M. Bateson, which are now appearing regularly, make available consider- 
able variable star data, in both the northern and southern regions of the sky. 

Variability of 12 Lacertae: In a recent publication of the Goodsell Observa- 
tory of Carleton College, Dr. E. A. Fath discusses the multiple period variability 
of 12 Lacertae. He suspected the triple period variation because of the reported 
varying amplitude of the radial velocity curves, and proceeded to measure the 
star with the photoelectric photometer attached to the 16-inch telescope of the 
Goodsell Observatory. 

From these observations he found a fundamental period of 0°.19308902, with 
an amplitude of 0.082 magnitude; a second period of 0.164850, with an amplitude 
of 0.031 magnitude, and a third period of 0°.1316+, amplitude 0.017 magnitude. 
There is a possibility that a fourth period exists, but in view of the fact that the 
amplitude of variation of the third period is very small, it was not considered 
worthwhile to search for another period, 

It is of interest to compare the three periods and amplitudes of 12 Lacertae 
with those obtained by Dr. Fath on 6 Scuti, when he used a photoelectric photo- 
meter attached to the 12-inch refractor of the Lick Observatory in 1938. The 
fundamental periods in both instances are much alike, while the secondaries are 
not dissimilar. The third periods differ more. Except in the primary periods, 
the amplitude of variation in magnitude in the respective periods is somewhat 
similar. 


5 Scuti 12 LACERTAE 
Period Amplitude Period Amplitude 
ad m ad m 
0.193770 0.167 0. 19308902 0.082 
0.157382 0.033 0.164850 0.031 


0.095156 0.011 0.1316+ 0.017 
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Three SS Cygni-type Variables: Three of the SS Cygni-type variables which 
are on the AAVSO observing program were at maximum in March of this year: 
U Geminorum, 074922, on or about March 4; SS Cygni, 213843, about March 17; 
and SS Aurigae, 060547, about March 27. All the maxima were apparently cf 
the long type. 

Personal: Witu the death of William Henry of Brooklyn, New York, on 
April 6, the AAVSO has lost a devoted member; one who spent many years 
plotting and photographing sunspots long before its Solar Division was started. 
He was an expert photographer as well as a planetary observer, and attended 
many of our meetings, as well as those of the American Astronomical Society, 
of which he was also a member. 

Observations contributed in March, 1948: The universally poor observing 
conditions which prevailed in most sections in February and part of March is 
reflected in the marked decrease noted in the list of observers and their totals 
of estimates. In the two years following the attainment of the millionth mark, 
in April, 1946, by the AAVSO observers, 101,500 observations have been con- 
tributed to the headquarters. A total of 2,699 observations were contributed in 
March by 48 observers, as follows: 





No. No. No. No. 

Observer Obs. Ests. Observer Obs. Ests. 
Partlett 2 14 LeVaux 31 100 
Bicknell 9 28 Luft 5 5 
Blunck 5 5 Mary 7 7 
Bogard 15 16 Matthews 18 50 
Buckstaff 8 13 Meek 29 168 
Cain 10 23 Miller 4 4 
Chandra 156 271 Nadeau 33 38 
Cilley 20 50 Oravec 38 155 
Cragg 125 150 Parks 22 26 
Damkoehler 4 11 Pearcy 31 37 
Darnell 4 13 Peltier 118 183 
Debono rs 3 Penhallow 6 10 
Epstein 6 25 Plybon 6 15 
Escalante 90 136 Renner 51 51 
Estremadoyro 7 12 Rich 3 20 
Fernald 108 135 Rosebrugh 12 12 
Garneau 1] 11 Slemaker 15 21 
Harris , 11 11 Taboada 82 99 
Hartmann 129 137 Thomas 1 1 
Hiett 9 19 Tifft 32 47 
Howarth 15 17 Venter 9 24 
Kelly 11 13 Waldmann 7 13 
Kirchhoff 13 49 Wells 1 1 
Kitley 27 46 = dees 
de Kock 90 404 48 totals 2699 

April 15, 1948. 
Comet Notes 


By DANIEL L. HARRIS III* 


Since the last Comet Notes two new comets have been announced (H. A.C., 
No. 891). The first (1948 ¢) was found by the Dutch amateur astronomer Keus- 


*Substituting for Dr. Van Biesbroeck who is a member of the National 
Geographic Eclipse Expedition in Korea at the present time. 
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kamp on 7 March 1948 at right ascension 8" 36™3 and declination +69° 35’. It was 
reported to be a fifth magnitude diffuse object with a central condensation and a 
tail over one degree long. An observation by van Bueren in Holland on the 9th 
of March estimated it as eighth magnitude and indicated that its daily motion 
was 17™5° west, 1° 5’ south. Unfortunately no later observations have been 
reported and our attempts to locate it at the Yerkes Observatory have been un- 
successful. 

The second new comet (1948d) discovered by Miss Pajdusakova and A. 
Mrkos at Skalnate Pleso, Czechoslovakia, on 13 March 1948 was reported to be 
a 10th magnitude diffuse object with a central condensation. Within a little over 
a week two sets of parabolic elements had been computed for this new comet, by 
Naur (transmitted by Miss J. Vinter Hansen, Copenhagen) and by Dr. A. D. 
Maxwell, Howard University, Washington, D. C. The elements are rather un- 
certain due to the short arc employed in the computation. However, as it will 
remain about the 10th or 11th magnitude for some time, I have here extended 
Maxwell’s ephemeris for the benefit of those who might want to observe it. 


R.A. Dec. R.A. Dec. 

1948 h m ° ’ 1948 h m > , 
April 23 18 57.4 +49 33 May 17 18 49.0 +68 18 
May 1 1859.5 54 5 May 25 18 36.8 ao 70 
May 9 18 58.4 61 28 june 2 I 3.3 79 42 


Comet Bester (1947 k) is easily visible with a small telescope. The ephemeris 
given in the April issue predicts its position with sufficient accuracy for it to be 
easily found. 

Periopic ComMeET SCHWASSMANN-WACHMANN No. 1 (1925 IL) is still under 
observation in the evening sky. Dr. Jeffers of the Lick Observatory reported an 
increase in its brightness to about magnitude 12.5 on 12 November 1947, but our 
recent observations show this unpredictable object to be at its normal brightness 
of about 18th magnitude at this time. 

The search for the Periopic Comet Forses (1929III) has been continued 
without success, 


Williams Bay, Wisconsin, 11 April 1948. 
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General Notes 


Dr. Lawrence H. Aller has been appointed Associate Professor of Astron- 
omy at the University of Michigan beginning August 1, 1948. Dr. Aller is at 
present Assistant Professor of Astronomy at Indiana University. 





The Rittenhouse Astronomical Society, of Philadelphia, held its monthly 
meeting on April 9, 1948, in the Randal Morgan Physics Laboratory, University 
of Pennsylvania. Dr. James G. Baker, Harvard College Observatory, spoke on 
the topic “Instruments for Solar Research.” 





The Status of German Observatories 


In the copy of Himmelswelt, issued for July, 1947, just received, there is a 
brief paragraph which, doubtless, may be regarded as authentic concerning the 
effect of the war upon the German Observatories. It states that those at Munich 
and Leipzig were almost completely destroyed; those at Berlin-Babelsberg, Pots- 
dam, and the Fraunhofer-Institute in Freiburg show little damage. The Babels- 
berg Observatory gave up the greater part of its instrumental activity. The Jena 
Observatory was deprived of most of its instrumental equipment. The Observa- 
tory at Gottingen suffered the loss of the greater part of its library. 





The British Nautical Almanac 


We have been informed that in a certain library in Vienna there is a com- 
plete series of the British Nautical Almanac from 1848 to 1912, inclusive, a total 
of 65 volumes, This set is for sale. Anyone interested in making such purchase 
should address inquiry to 

Professor Oswald Thomas 
Salesianergasse 8, 
Wien III 
Austria. 





Northeastern Region of the Astronomical League 


The first meeting in this section of members of the Astronomical League 
was held at Yale University on Saturday, April 3. Among the many items on 
the list for consideration was the election of officers. This resulted as follows: 

Chairman, Mr. Chester Cook, Lexington, Mass. 

Vice-chairman, Mr. Stanley Brower, Plainfield, N. J. 

Treasurer, Mr. Walter Reeves, Portland, Maine. 

Secretary, Mr. Robert Greenley, Caldwell, N. J. 

The newly elected secretary issued a mimeographed report of the meeting 
giving full details. The interest and enthusiasm manifested at the meeting augur 
well for future sessions of this group. 





Newton’s Principia 


In announcing a new edition of this remarkable work, the University of Cali- 
fornia Press has issued some pertinent and interesting facts, concerning the first 
editions, which we are reprinting for the benefit of our readers. Any one wishing 
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to secure one of the limited number of copies of the new edition should order it 
from University of California Press, Berkeley 4, California. The cost is $6.50 a 
copy. 

PRINCIPIA was first composed and published in 1685, 1686, and 1687. The price 
of the book was “to be 9 shillings bound in calves leather and lettered.” Though 
the edition was a small one, Edmund Halley (who financed the printing) gave 
copies away and sent twenty copies to Newton to give to his friends. 

Roger Cotes says, in his preface to the second edition, that “copies of the 
previous edition were very scarce and held at high prices.” 

There have been many editions of the Princip1A. In 1726 there was one of 
12 copies for presentation. “They were all originally bound with gilt leaves in 
red morocco, to a pattern which was much used for the Harleian Library.” 

The University of Glasgow, in 1871, reprinted the 1726 edition without change 
except for the correction of typographical errors. “Finding that all the editions 
of the Principia are now out of print, we have been induced to reprint Newton's 
last edition without note or comment, only introducing the ‘Corrigenda’ of the 
old copy and correcting typographical errors.” The demand then, as now, dic- 
tated the supply. 


In book three of the Princip1a, Newton explains his use of mathematical 
principles: “In the preceding books I have laid down the principles of philosophy ; 
principles not philosophical but mathematical: such, namely, as we may build 
our reasonings upon in philosophical inquiries.” 

—Principia, p. 397. 


Everyone is familiar with the story of Newton and the apple; how his curi- 
osity about the force which caused the apple to fall led to his inquiry into gravity. 
Succeeding generations have thought of Newton as the man who knew about 
gravity. “You some times speak of gravity as essential and inherent to matter. 
Pray, do not ascribe the notion to me; for the cause of gravity is what I do not 
pretend to know, and therefore would take more time to consiedr of it.” 

—PRINCIPIA, p. 633. 


“To every action there is always opposed an equal reaction; or, the mutual 
actions of two bodies upon each other are always equal, and directed to contrary 
parts.” 

—PrINcIPIA, p. 13. 


- Thus, in just ten words, the length of a telegram, Newton formulated the 
scientific principle upon which depends jet propulsion, 





Dr. Fritz Zwicky to give Halley Lecture 


Oxford University’s Halley Lecture, considered by astronomers as perhaps 
the top honor in that field, will be given on May 12 at Oxford by Dr. Fritz 
Zwicky, California Institute of Technology astrophysicist, it was recently an- 
nounced by Caltech officials. Dr. Zwicky, accompanied by Mrs. Zwicky, will 
leave immediately for England. Subject of Dr. Zwicky’s paper at Oxford will 
be “Morphological Astronomy” which will deal with the material contents of the 
universe, the material laws of the universe and development of methods and 
planning of a mode of attack upon astronomical problems, 
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A physicist who first approached astronomy from that field, Dr. Zwicky has 
gained renown for numerous contributions to both astronomy and astrophysics. 
His survey of super-novae (exploding stars) has been unequalled by anyone and 
he is considered today to be the leading authority in the world in this field. He 
has made outstanding contributions to the dynamics of nebulae, especially of 
clusters of nebulae, concerning himself particularly with their tendency to group. 
He has also contributed much to the interpretation of the so-called red shift, 
which many leading men believe to indicate an exploding universe—a conclusion 
with which Dr. Zwicky does not entirely agree. 

The Halley Lecture was founded in 1910 in memory of Edmund Halley for 
whom Halley’s Comet was named. Its founding in 1910 was based upon the 
return of the comet, as predicted by Halley, at that time. Since then the lecture 
has been given each year by outstanding astronomers and astrophysicists through- 
out the world, including such famous British astronomers as Arthur S. Edding- 
ton of Cambridge; E. A. Milne, Oxford University; James H. Jeans, The Royal 
Society; and from this country, the late William W. Campbell, University of 
California; Harlow Shapley, Harvard University; Henry Norris Russell, Prince- 
ton University; and Edwin P. Hubble, Mount Wilson Observatory, Pasadena. 

Dr. Zwicky will visit the Paris Observatory soon after arriving in Europe 
where he will be a guest of astronomers there for three days prior to going on 
to Switzerland where Mrs. Zwicky will remain until they return to this country 
late in June. Dr. Zwicky will go to Oxford from Switzerland early in May and 
in addition to delivering the Halley lecture he will also deliver an engineering 
lecture at Oxford on the “Morphology of Jet Propulsion,” a field in which his 
work in development of rockets for the United States has paralleled in import- 
ance his work in astrophysics and astronomy. 





Book Review 


Making Your Own Telescope, by Allyn J. Thompson. (Sky Publishing Cor- 
poration, Cambridge, Massachusetts, $3.50.) 

Before 1940 many amateur astronomers throughout this country and abroad 
were engaged in the fascinating hobby of making reflecting telescopes. This ac- 
tivity was somewhat curtailed during the intervening years. Now, stimulated 
somewhat, perhaps, through the general interest manifested in the final steps in 
putting the 200-inch into operation, many smaller projects have been revived. 
Books of instruction and manuals have been issued. The volume before us is the 
latest of such books. 

This volume of somewhat more than 200 pages consists of fourteen chapters 
of text discussion, three appendices, preface, and index. The description is clari- 
fed in many instances by the use of pictures and diagrams. 

Chapter I, Story of the Telescope, is, as the title indicates, historical in 
character. In 26 pages it runs through the successive stages of telescopes from 
the time of Galileo to the present. Later chapters describe the equipment, 
materials, and techniques of workmanship involved in telescope making, including 
the mounting. 

Mr. Thompson, the author, has for some years been an instructor in the 
telescope-making classes of the Optical Division of the Amateur Astronomers 
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Association, with headquarters at the Hayden Planetarium. He has thus had 
ample opportunity to develop and test methods which have proven the most 
efficient and practicable for amateur telescope makers of varying skills and back- 
grounds. 

This volume, or one like it, is a necessary prerequisite to the making of a 
telescope. It is also a sufficient guide as far as information concerning such a 
venture is concerned, for many amateurs, having followed the methods described, 
have met with success in constructing instruments which are a source of unending 
satisfaction to themselves and their friends. C.H.G. 





